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Art.  I. — Contributions  to  Meteorology:  being  results  derived  from   * 
an  examination  of  the  Observations  of  the  United  States  Signal 
Service^  and  from  other  sources  ;  by  Elias  Loomis,  Professor  of 
Natural  Philosophy  in  Yale  College.     Ninth  paper.     With 
Plates  I,  n  and  III. 

[Bead  before  the  National  Academy  of  Sdenoee,  Washington,  April  19,  1878.] 

Low  barometer  at  Portland^  Oregon^ 

In  mj  last  paper,  page  6,  I  showed  that  the  great  storms  of 
the  United  States  frequently  come  from  British  Columbia  or 
its  vicinity.  In  order  to  extend  this  part  of  the  investigation 
I  selected  from  the  published  volumes  of  the  Signal  Service 
observations  (Sept,  1872,  to  Oct.,  1874,)  all  those  cases  in  which 
the  barometer  at  Portland,  Oregon,  fell  as  low  as  29*7  inches. 
These  cases  amount  to  sixty-three,  and  correspond  to  eighteen 
different  storms,  as  is  shown  in  the  following  table,  in  which 
column  1st  shows  the  number  of  the  storm;  column  2d  shows 
the  date  at  which  the  barometer  was  below  29*7  inches ;  column 
3d  shows  the  height  of  the  barometer  at  Portland  at  the  date 
mentioned ;  column  4th  shows  the  direction  of  the  wind,  and 
column  5th  shows  its  velocity  at  Portland  at  the  date  men- 
tioned ;  column  6th  shows  the  rain-fall  at  Portland  during  the 
preceding  eight  hours ;  column  7th  shows  the  least  height  of 
the  barometer  observed  at  that  hour  at  any  station  within  the 
same  low  area ;  column  8th  shows  the  name  of  the  station  at 
which  the  barometer  was  lowest;  column  9th  indicates  the 
region  where  the  storm  appears  to  have  originated;  Br.  Co. 
denotes  British  Columbia ;  Can.  denotes  Canada,   northwest ; 
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and  Pac.  O.  denotes  Pacific  Ocean ;  column  10th  shows  the 
highest  pressure  observed  at  any  station  at  the  date  mentioned 
in  column  2d;  and  column  11th  indicates  the  station  at  which 
this  pressure  was  observed.  Each  of  these  areas  of  low  pressure 
appears  to  have  moved  eastward,  and  can  be  traced  to  the 
Atlantic  coast.  Column  12th  shows  the  date  at  which  the  cen- 
ter of  low  pressure  reached  the  Atlantic  coast,  and  column  13th 
shows  the  latitude  of  the  low  center  at  that  time. 

A  comparison  of  these  cases  shows  that  they  all  occurred 
daring  the  six  colder  months  of  the  year,  and  they  were  most 
numerous  in  January.  In  a  majority  of  the  cases  the  wind 
blew  from  the  south,  and  in  only  three  cases  did  the  wind  blow 
from  any  northern  quarter.  The  greatest  force  of  the  wind  in 
any  case  was  thirty  miles  per  hour;  in  six  cases  it  rose  as  high 
as  twenty  miles  per  hour,  and  the  average  velocity  was  8*2 
miles  per  hour. 

In  forty-six  per  cent  of  the  cases,  the  pressure  at  Portland 
was  lower  than  at  any  other  station  at  the  same  hour ;  in  twenty- 
seven  per  cent  of  the  cases,  the  lowest  pressure  was  at  Virginia 
City  or  Fort  Benton ;  in  thirteen  per  cent  of  the  cases,  the  lowest 

f)ressure  was  at  Fort  Sully;  and  in  the  remaining  cases  the 
owest  pressure  was  at  some  station  still  further  east  A  com- 
parison of  the  observations  at  Virginia  City  with  those  at 
neighboring  stations  indicates  that  the  readings  of  the  barometer 
at  Virginia  Citv  are  too  low,  and  accordingly  they  have  all 
been  increased  by  0*26  inch. 

With  but  two  exceptions,  all  of  these  cases  of  low  pressure 
appear  to  have  originated  north  of  Portland,  and  generally  west 
of  that  station.  In  the  table,  this  region  is  designated  by  the 
term  British  Columbia.  It  is  probable  that  in  some  of  these 
cases,  and  perhaps  in  all  of  them,  the  area  of  low  pressure  was 
first  formed  over  the  Pacific  Ocean.  No.  10  was  apparently 
formed  on  the  east  side  of  the  Eocky  Mountains,  but  north  of 
the  United  States,  a  region  designated  as  Canada  N.  W.  Nos. 
8  and  17  were  apparently  formed  over  the  Pacific  Ocean,  near 
the  latitude  of  San  Francisco. 

In  a  majority  of  these  cases  there  was  an  area  of  high  barom- 
eter on  the  east  side  of  Portland,  at  an  average  distance  of  about 
1600  miles.  In  one  case  the  barometer  rose  to  30  96  inches; 
in  six  cases  the  barometer  rose  as  high  as  80*75  inches;  in 
one-third  of  the  cases  the  pressure  rose  to  30*6  inches;  and  in 
more  than  two-thirds  of  the  cases  the  pressure  rose  to  30*25 
inches.  In  five  cases  (out  of  sixty-three)  there  was  no  station 
within  the  limits  of  the  United  States  where  the  pressure  rose 
as  high  as  80*15  inches  at  the  dates  mentioned.  No.  17  is  rep- 
resented on  Plate  III  accompanying  the  present  paper,  and  No. 
2  is  represented  on  Plate  I  accompanying  my  fifth  paper. 
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In  each  case  the  center  of-  low  pressure  traveled  eastward, 
and  can  be  traced  to  the  Atlantic  coast.  No.  11,  being  a 
depressed  period  of  five  days'  continuance,  should  probably  be 
regarded  as  consisting  of  two  depressed  areas,  the  second  of 
which  immediately  succeeded  the  first,  so  that  the  two  were 
united  in  Or^on,  but  traveled  across  the  continent  indepen- 
dently, one  of  them  reaching  the  Atlantic  four  days  later  than 
the  other.  So  also  No.  12  apparently  consisted  of  two  depressed 
areas  which  were  united  in  Or^on,  but  traveled  acrdiss  the 
continent  independently,  one  of  them  two  days  later  than  the 
other.  The  average  time  of  crossing  the  continent  was  five 
days,  and  the  average  latitude  where  the  low  center  met  the 
Atlantic  was  45^. 

The  paths  by  which  these  areas  of  low  pressure  crossed  the 
continent  differed  considerably  from  arcs  of  great  circles.  Start- 
ing from  the  Pacific  Ocean,  generally  as  far  north  as  latitude 
60°,  the  course  was  toward  the  southeast,  until  near  the  middle 
of  the  continent,  and  on  the  meridian  of  100°  from  Greenwich 
the  average  latitude  of  the  paths  was  40°.  Thence  the  course 
gradually  veered  northward,  and  upon  reaching  the  Atlantic 
the  average  latitude  of  the  paths  was  45°. 

Zow  barometer  at  iSan  FrancUco^  California. 

The  observations  made  at  San  Francisco  have  been  discussed 
in  the  same  manner  as  those  at  Portland.  The  following  table 
shows  all  the  cases  in  which  (during  a  period  of  twenty-six 
months)  the  barometer  fell  as  low  as  29*7  inches.  The  tafele  is 
constructed  in  the  same  manner  as  that  for  Portland. 

The  number  of  these  eases  is  twenty-nine,  corresponding  to 
nine  different  storms,  and  most  of  them  occurred  during  the 
winter  months.  A  single  case  is  reported  for  the  summer 
months,  which  apparently  resulted  from  causes  operating  over 
the  central  portion  of  the  North  American  continent.  In  three- 
fourths  of  the  cases  the  wind  blew  from  some  southern  quarter, 
and  in  only  three  cases  did  it  blow  from  a  northern  quarter. 
The  average  velocity  of  the  wind  was  fifty  per  cent  greater 
than  at  Portland,  a  result  which  may  be  ascribed  to  greater 
proximity  to  the  ocean. 

In  more  than  one-third  of  the  cases  the  pressure  at  San  Fran- 
cisco was  the  lowest  reported  at  any  station  at  the  same  hour. 
In  eleven  of  the  c^ses  the  greatest  depression  was  on  the  east 
side  of  the  Eocky  Mountains,  and  in  eight  cases  the  point  of 
greatest  depression  was  situated  about  1400  miles  eastward. 
Five  of  these  depressions  appear  to  have  originated  over  the 
Pacific  Ocean ;  the  remaining  four  appear  to  have  originated 
north  of  the  United  States,  two  of  them  on  the  west  side  of  the 
Bocky  Mountains  and  two  on  the  east  side. 
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In  nearly  all  of  these  cases  there  was  an  area  of  high  barom- 
eter on  the  east  side  of  San  Francisco  at  an  average  distance  of 
1500  miles.  In  one  case  the  barometer  rose  to  80'9o  inches, 
and  in  two-thirds  of  the  cases  it  was  as  high  as  30'36  inches. 
In  No.  4  a  moderate  depression  of  the  barometer  extended  over 
the  entire  United  States,  with  the  exception  of  the  southeast 
portion.  This  low  area  continued  to  cover  a  considerable  part 
of  the  United  States  without  much  change  daring  a  period  of 
fifteen  days. 

In  each  of  these  cases  (with  perhaps  a  single  exception)  the 
center  of  low  pressure  traveled  eastward  across  the  Rocky 
Mountains,  and  can  generally  be  traced  entirely  across  the  con- 
tinent, although  io  some  cases  the  barometric  wave  experienced 
considerable  modification  in  its  progress.  On  account  of  the 
uncertainty  attending  the  reduction  of  the  mountain  observa- 
tions to  the  level  of  the  sea,  the  progress  of  the  barometric  wave 
is  beat  exhibited  by  the  changes  of  pressure,  without  regard  to 
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the  absolute  height  of  the  barometer.  Plate  I  exhibits  the 
oscillations  of  the  barometer  for  Nos.  2,  8  and  9  at  San  Francisco 
and  several  other  stations,  extending  eastward  to  the  Valley  of 
the  Mississippi,  and  a  change  of  pressure  of  one-tenth  of  an  inch 
is  representea  by  one-tenth  of  an  inch  in  the  diagram.  Plate 
II  represents  three  other  cases  in  which  the  minimum  of  press- 
ure is  pretty  sharply  defined,  and  the  progress  of  the  barometric 
wave  IS  very  distinctly  indicated.  These  examples  show  conclu- 
sively that  oarometric  waves  sometimes  travel  from  the  Pacific 
coast  across  the  Rocky  Mountains  into  the  Valley  of  the  Missis- 
sippi, with  so  little  change  as  to  leave  no  doubt  oi  their  identity. 
It  will  be  noticed,  however,  that  the  barometric  oscillation  gen- 
erally increases  quite  rapidly  as  soon  as  the  wave  reaches  the 
Mississippi  Valley ;  and  in  several  of  the  diagrams  palpable 
changes  will  be  perceived  in  the  form  of  the  curves  from  one 
station  to  another.  In  several  of  the  cases,  not  here  represented, 
these  changes  are  still  more  considerable. 

The  minimum  at  Salt  Lake  City  usually  occurs  about  sixteen 
hours  later  than  at  San  Francisco,  and  at  Cheyenne  about  one 
day  later  than  at  San  Francisco.  This  indicates  a  velocity  of 
forty  miles  per  hour,  which  is  greater  than  the  velocity  usually 
found  for  barometric  waves;  but  it  is  probable  that  the  motion 
of  the  center  of  low  pressure  was  not  parallel  to  the  line  joining 
San  Francisco  and  Cheyenne,  so  that  the  velocity  of  the  center 
of  low  pressure  was  less  than  forty  miles  per  hour.  It  seems, 
then,  to  be  clearly  established  that  barometric  waves  frequently 
travel  from  the  racific  coast  across  the  Rocky  Mountains  and 
reach  the  Mississippi  Valley  with  but  little  modification.  The 
Rocky  Mountains  form  an  uninterrupted  barrier  6,000  feet  in 
height  from  British  America  southward  to  latitude  32^,  and  the 
Sierra  Nevadas  present  a  barrier  of  the  same  height  extending 
from  British  America  southward  to  latitude  36°,  with  but  three 
interruptions  amounting  in  the  aggregate  to  less  than  one  hun- 
dred milea  The  Rocky  Mountains  form  a  barrier  of  10,000  feet 
in  height,  which  extends  nearly  half  the  distance  from  latitude 
49°  to  latitude  32°,  and  which  is  continuous  for  about  350  miles 
in  the  neighborhood  of  Colorado.  The  Sierra  Nevadas  also 
present  short  ranges  of  equal  altitude,  but  the  longest  of  them 
]s  less  than  150  miles. 

Thus  we  see  that  an  unbroken  mountain  range  of  6,000  feet 
in  height  cannot  stop  the  progress  of  atmospheric  waves ;  neither 
do  ranges  of  more  than  10,000  feet  in  height,  broken  as  in  North 
America,  present  any  insuperable  obstacle.  A  great  barometric 
depression  requires  either  a  wind  blowing  with  a  hurricane 
velocity,  or  else  a  system  of  converging  winds  extending  over 
a  vast  area.  The  mountain  ranges  between  the  Pacific  Ocean 
and  the  Mississippi  Valley  present  obstructions  to  the  formation 
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of  a  system  of  winds  of  very  great  geographical  extent,  and  this 
is  probably  one  reason  why  tne  barometric  fluctuations  at  the 
mountain  stations  are  less  than  they  are  in  the  Mississippi  Val- 
ley. The  oscillations  of  the  barometer  are  generally  somewhat 
S eater  at  Salt  Lake  City  than  at  San  Francisco,  and  generally 
ey  become  very  mucn  magnified  after  crossing  the  Rocky 
Mountains.  The  depression  of  the  barometer  at  the  center  of 
a  great  storm  is  mainly  due  to  the  geographical  extent  of  the 
system  of  winds  set  in  motion;  and  after  a  storm-center  has 
reached  the  Mississippi  Biver,  there  are  no  mountain  barriers 
to  prevent  the  formation  of  a  system  of  circulating  winds  over 
an  area  2,000  miles  in  diameter. 

Areas  of  high  barometer. 

Each  of  the  areas  of  low  barometer  described  in  my  eighth 
paper  was  preceded  by  an  area  of  high  barometer  on  the  east 
side  at  an  average  distance  of  about  1,000  miles,  and  was  fol- 
lowed by  an  area  of  high  barometer  on  the  west  side  at  about 
the  same  distance. 

In  order  to  discover  the  circumstances  under  which  areas  of 
high  barometer  originate,  and  the  relations  which  they  bear  to 
areas  of  low  barometer,  I  selected  from  the  published  volumes 
of  the  Signal  Service  observations  all  those  cases  in  which  the 
barometer  at  any  station  rose  above  80*65  inches.  Sometimes 
at  the  same  hour  the  barometer  was  above  30*65  inches  at  a  con- 
siderable number  of  stations,  all  included  within  the  same  high 
area.  In  such  cases,  only  one  of  the  stations  was  employed, 
viz.,  the  station  at  which  the  barometer  was  highest.  These 
cases  of  high  barometer  are  exhibited  in  the  following  table,  in 
which  column  1st  shows  the  number  of  the  high  area;  column 
2d  shows  the  date  at  which  the  barometer  was  above  80*65 
inches ;  column  8d  shows  the  greatest  height  of  the  barometer 
observed  at  that  hour;  column  4th  shows  the  name  of  the 
station  at  which  the  given  height  was  observed ;  column  5th 
shows  the  temperature  at  the  given  station  at  the  given  hour; 
column  6th  shows  the  highest  velocity  of  the  wind  which  pre- 
ceded each  of  these  areas  of  high  barometer;  column  7th 
indicates  the  region  where  this  high  area  appears  to  have 
originated;  the  abbreviations  are  the  same  as  in  the  preceding 
tables,  except  Ark.  which  denotes  Arkansas ;  column  9th 
shows  the  station  where  the  barometer  was  lowest  on  the  east 
side  of  the  high  area;  column  8th  shows  the  height  of  the 
barometer  at  the  given  station ;  column  11th  shows  the  station 
where  the  barometer  was  lowest  oa  the  west  side  of  the  high 
area ;  and  column  10th  shows  the  height  of  the  barometer  at 
the  given  station. 
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Br.Col 

■66 

23.3 

861     do. 

■47 

Fatiier  Point 

2T 

24.1 
24.2 
24.3 

82     do. 
71;LaCrT>flBe 
68      do. 

~\ 

■63 

Mar.23.1 

23.2 
23.3 

« 

Br-Col. 

■VI 

Sydney 

28 

6  J      do. 

■38 

do. 

71  Daveaport 

■49 

do. 

24.1 

7o!at,  Louis 

■60 

do. 

29  "Apr.12.1 

66i  Alpena 

32 

Can. 

■49 

do. 

■49 

Port  Solly. 

1  Sep.  n.a 

C.j.K«., 

3S 

Bt.OoL 

•68 

Fort  Q»fry. 

30^          18.1 

U 

■69 

LeaTenwoKl 

/          18.2 

66 

do. 

do. 

31     Oct  12.1 

TO 

Yankton 

37 

Can. 

■60 

CapeBoBier 

■95 

S.  Frandw) 

32     Oct.  30.3 

70' Fort  SuliT 

41 

Br.Col 

■47 

Sydney 

These  cases  correspond  to  thirty-two  different  areas  of  hi^h 
barometer,  and  thirty  of  these  occurred  during  the  six:  months 
from  October  to  March,  and  none  occurred  during  the  four 
months  from  May  to  August  More  than  half  of  the  whole 
number  occurred  durine  tne  months  of  December  and  January. 
Areas  of  unusually  high  pressure  are  thus  found  to  occur  at 
the  same  season  of  the  year  as  areas  of  unusually  low  preseura 

In  order  to  show  how  far  these  cases  of  high  pressure  are 
dependent  upon  latitude  and  longitude,  I  have  divided  the 
stations  into  three  classes ;  one  class  including  the  stations  east 
of  longitude  86°  from  Greenwich ;  a  second  class  including  the 
stations  between  the  meridians  of  86°  and  102° ;  the  third  class 
including  the  stations  west  of  the  meridian  of  102°. 
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Classification  of  the  cases  o/ high  pressure. 


Weet  of  Ion.  102*". 

From  Ion.  86" 

to  Ion. 

102°. 

East  of  Ion.  86\ 

flUUOD. 

Lat. 

Cases. 

Btatton. 

Lat. 

Cases. 
9 

Btation. 

Lat. 

Cases. 

Fbrt  Benton 

47' 62' 

7 

Pembina 

49"  0' 

Cape  Rosier 

48" 52' 

4 

Portland,  Or. 

46  30 

1 

Duluth 

46  48 

1 

Father  Point 

48  31 

4 

Marquette 

46  33 

1 

Chatham 

47     1 

8 

Breekenridge 

46  16 

29 

Quebec 

46  48 

1 

St.  Paul 

44  63 

3 

Sydney 

46     8 

1 

Fort  Sully 

44  39 

8 

Montreal 

45  31 

2 

LaOrosse 

43  48 

6 

Alpena 

45     6 

1 

Milwaukee 

43     3 

1 

Halifax 

44  39 

3 

Yankton 

42  46 

13 

Brock  ville 

44  31 

2 

Chicago 

41  62 

2 

Burlington 

44  29 

2 

Davenport 

41   30 

2 

Kingston 

44   12 

6 

Omaha 

41    16 

1 

Portland,  Me. 

43  40 

2 

Leavenworth 

39  19 

6 

Port  Stanley 

42  40 

2 

St  Louis 

38  37 

I 

Toledo 

40  39 

Cairo 

37     0 

2 

Baltimore 

39  18 

Nashville 

36  10 

2 

Lynchburg 

37    18 

Fort  Gibson 

36  43 

1 

Norfolk 

36  51 

Memphis 

36     8 

2 

Knoxville 

Augusta 

Charleston 

36  6»i 
33  28 
32  45 

2 

1 

The  obfiervations  at  each  of  these  stations  cover  the  entire 
period  of  twenty-six  months,  with  the  following  exceptions,  viz., 
the  observations  at  Pembina  commenced  in  November,  1872; 
those  at  Halifax,  in  December,  1872;  at  Yankton  and  Fort 
CHbsoD,  in  April,  1878 ;  at  Chatham,  in  October,  1878 ;  at  Cape 
Rosier,  Father  Point  and  Sydney,  in  November,  1^73 ;  and  at 
Brock  ville,  in  January,  1874.  We  see  that  cases  of  high  ba- 
rometer occur  most  frequently  at  the  northern  stations.  About 
two-thirds  of  the  whole  number  were  north  of  latitude  44^,  and 
only  fifteen  per  cent  of  the  whole  number  were  south  of  latitude 
40**.  Only  one  of  the  cases  occurred  beyond  the  Rocky  Mount- 
ains; and  on  the  east  side  of  the  mountains  high  barometer  is 
most  frequent  near  the  meridian  97°.  After  making  allowance 
for  the  unequal  period  of  observation  at  the  diflferent  stations, 
we  find  that  in  the  neighborhood  of  Dakota,  cases  of  very  high 
pressure  are  nearly  twice  as  frequent  as  they  are  at  a  corres- 
ponding latitude  near  the  Atlantic  coast.  This  fact  appears 
still  more  palpable  if  we  make  the  comparison  for  pressures  as 
high  as  80*9  inches.  In  the  region  between  longitude  86°  and 
1(B®  the  barometer  rose  as  high  as  80*9  inches  in  fifteen  cases, 
while  only  one  such  case  occurred  in  the  district  east  of  long:itude 
86**,  and  none  occurred  in  the  district  west  of  longitude  102°. 

The  low  temperature  generally  attending  these  high  pressures 
is  very  remarkable.  The  lowest  temperature  observed  in  any 
case  was  —86**  Fahrenheit  at  LaCrosse.    In  seven  cases  the  ther- 
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mometer  fell  as  low  as  —80**,  and  five  of  these  cases  occurred 
at  Breckenridge.  In  more  than  half  of  the  whole  number  of 
cases  the  thermometer  fell  as  low  as  zero  of  Fahrenheit.  The 
highest  temperature  reported  in  any  one  of  these  cases  was  48^ 
at  Cape  Rosier,  September  18.2,  1874.  This  is  a  station  where 
the  daily  range  of  temperature  is  unusually  small,  being  infla- 
enced  by  the  temperature  of  the  Gulf  of  St.  Lawrence.  In  all 
of  these  cases  the  average  temperature  at  Breckenridge  and  its 
vicinity  was  very  much  lower  than  at  any  of  the  stations  east 
of  longitude  86**. 

The  fact  that  the  region  of  lowest  temperature  is  also  the 
region  of  highest  pressure  cannot  be  regarded  as  accidental. 
The  low  temperature  of  the  air  increases  its  densitv,  and  thus 
contributes  to  increase  its  pressure.  This  point  will  be  further 
considered  on  page  16. 

With  a  single  exception,  these  areas  of  high  barometer  ap- 
peared to  come  from  British  America.  About  half  of  them 
appeared  to  originate  on  the  west  side  of  the  chain  of  the 
Bocky  Mountains  and  half  on  the  east  side ;  but  on  account  of 
the  small  number  of  stations  of  observation  it  is  impossible  to 
trace  these  areas  of  high  pressure  satisfactorily  to  their  origin. 
Each  area  of  high  pressure  appears  to  have  commenced  witn  a 
moderate  elevation  above 80*00  inches;  this  elevation  gradually 
increased  as  the  wave  advanced,  and  generally  attained  its 
maximum  over  Dakota  or  Minnesota.  In  one  case  (Jan.,  1878,) 
an  area  of  high  barometer  prevailed  in  the  Southern  States 
which  cannot  be  traced  to  British  America.  This  area  of  high 
pressure  seems  to  have  been  first  developed  in  the  neighborhood 
of  Arkansas,  and  increased  slowly  in  magnitude  as  it  drifted 
eastward,  attaining  a  height  of  80*66  inches  at  Charleston,  Jan- 
uary 12th,  1878. 

In  nearly  all  of  these  cases  an  area  of  low  pressure  immedi- 
ately preceded  the  area  of  high  pressure.  Wnen  the  center  of 
high  pressure  is  west  of  the  Mississippi,  an  area  of  low  pressure 
is  almost  invariably  indicated  by  the  observations  near  the 
Atlantic  coast  When  the  center  of  high  pressure  is  near  the 
Atlantic  coast,  there  are  no  stations  of  observation  where  this 
low  pressure  on  the  east  side  could  be  shown,  but  generally  an 
area  of  low  pressure  had  prevailed  in  the  same  region  a  day  or 
two  previous.  This  was  the  case  in  Nos.  1,  10,  17,  21,  23  and 
80.  The  only  case  in  which  an  area  of  high  pressure  was  not 
immediately  preceded  by  an  area  of  low  pressure  on  the  east 
side  was  No.  9.  This  case,  which  has  already  been  referred  to, 
apparently  resulted  from  an  area  of  low  pressure  prevailing  in 
the  northern  part  of  the  United  States.  We  thus  find  that 
areas  of  very  high  pressure  are  almost  invariably  preceded  by 
an  area  of  low  pressure  on  the  east  side,  generally  at  a  distance 
of  about  1,200  miles. 
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Nearly  all  of  these  areas  of  high  pressure  were  immediately 
followed  by  an  area  of  low  pressure  on  the  west  side.  When 
the  center  of  high  pressure  reached  the  middle  of  the  continent, 
an  area  of  low  pressure  was  almost  invariably  indicated  by  the 
observations  near  the  Pacific  coast  As  long  as  the  center  of 
high  pressure  was  near  the  Pacific  coast,  there  were  no  stations 
of  observation  where  this  low  pressure  on  the  west  side  could 
be  shown,  but  generally  an  area  of  low  pressure  made  its  appear- 
ance in  the  same  region  within  two  days  after  the  passage  of 
the  center  of  high  pressure.  Nos.  18,  19,  20,  27,  28  and  82 
were  of  this  kino. 

The  only  cases  in  which  an  area  of  high  barometer  was  not 
followed  by  an  area  of  low  barometer  within  two  days,  were 
NoflL  2,  8  and  6.  In  No.  2,  an  area  of  high  barometer,  which 
advanced  eastward  very  slowly,  was  immediately  succeeded  by 
another  area  of  high  barometer,  and  no  considerable  low  was 
formed  between  them  within  the  limits  of  the  United  States, 
bat  a  low  was  apparently  formed  in  Canada.  In  like  manner, 
No.  8  was  immediately  succeeded  by  another  area  of  high 
barometer,  and  no  considerable  low  was  formed  between  them. 
In  No.  5  a  low  area  was  apparently  in  process  of  formation  on 
the  west  side,  when  another  area  of  high  pressure  pushed  in 
from  the  north  and  filled  up  the  low  area.  Thus  we  see  that 
an  area  of  unusually  high  pressure  is  almost  invariably  suc- 
ceeded by  an  area  of  low  pressure  on  its  western  side,  at  a  dis- 
tance of  about  1,200  miles,  but  occasionallv  a  new  area  of  high 
pressure  pushes  on  immediately  after  the  nrst,  and  prevents  the 
formation  of  any  considerable  area  of  low  pressure. 

Areas  of  unusually  high  pressure  are  thus  seen  to  be  gener- 
ally accompanied  by  areas  of  low  pressure  both  on  the  east  and 
west  sides,  and  at  an  average  distance  of  about  1,200  miles. 
Sometimes  an  area  of  high  pressure  is  broad  enough  to  cover 
the  entire  continent  from  ocean  to  ocean,  as  in  November  17, 
1872,  January  24,  1874,  February  1  and  2,  1874,  and  February 
24,  1874 ;  but  generally  when  a  center  of  high  pressure  is  near 
the  middle  of  the  continent,  an  area  of  low  pressure  is  found  to 
be  passing  off  on  the  east  side,  and  another  area  of  low  pres- 
sure coming  on  upon  the  west  side.  This  will  appear  from  an 
inspection  of  the  Table  on  pages  8,  9  and  10.  Sometimes  the 
same  map  shows  an  area  of  very  high  pressure  in  Minnesota, 
with  areas  of  very  low  pressure  both  on  the  Atlantic  and 
Pacific  coasts.  Such  was  the  case  December  28, 1872 ;  Decem- 
ber 26,  1872;  January  27,  1878;  March  4,  1873;  November 
29,  1878;  January  15,  1874,  and  April  12,  1874.  The  ease  of 
January  16,  1874,  is  remarkable  for  the  great  difference  between 
the  maximum  and  the  minimum  pressures;  and  the  case  of 
April  12,  1874,  is  remarkable  for  the  small  distance  between 
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the  two  centers  of  low  pressure.  Plate  III  represents  the  iso- 
bars for  this  date,  and  shows  a  maximum  pressure  at  Alpena 
amounting  to  80*66  inches,  with  a  minimum  on  the  east  siaeof 
29*49  inches  at  Sydney;  and  a  minimum  on  the  west  side  of 
29-49  inches  at  Fort  Sully. 

The  direction  of  the  wind  is  shown  by  the  arrows,  and  its  force 
is  shown  by  the  number  of  feathers  attached  to  the  end  of  the 
arrow.  One  feather  indicates  a  velocity  not  exceeding  five  miles 
per  hour ;  two  feathers  indicate  a  velocity  from  six  to  ten  miles; 
three  feathers,  from  eleven  to  fifteen  miles;  four  feathers,  from 
sixteen  to  twenty  miles,  and  so  on  for  higher  velocitiea 

Plate  I  accompanying  my  fifth  paper  represents  an  area  of 
high  barometer  near  the  Mississippi  Kiver,  with  an  area  of  low 
barometer  in  Oregon.  There  was  at  the  same  time  an  area  of 
low  barometer  on  the  east  side,  which  had  just  passed  beyond 
the  limits  of  the  chart 

One  of  the  most  remarkable  circumstances  attending  these 
areas  of  hich  pressure  is  the  force  of  the  northerly  wind  which 

S recedes  Uieir  formation.  The  following  Table  shows  the 
irection  and  force  of  the  wind  (in  miles  per  hour)  at  certain 
stations  at  the  time  of  formation  of  each  of  the  areas  of  high 
barometer  mentioned  in  the  Table  on  pages  8,  9  and  10. 

No.  1.— 1872,  Oct.  27.1,  Quebec,  wind  N.  E.  33. 

No.  2.— Nov.  12.2,  Fort  Sully,  N.  40;  Nov.  13.2,  Breckenridge, 
N.  W.  46;  Nov.  13.3,  Breckenridge,  N.  W.  40;  Nov.  14.1, 
Fort  Sully,  N.  W.  42 ;  Breckenridge,  N.  W.  40 ;  Nov.  14.2, 
Breckenndge,  N.  W.  36;  Pembina,  N.  W.  30;  Nov.  16.1, 
Breckenridge,  N.  W.  36 ;  Pembina,  N.  W.  32 ;  Nov.  15.2, 
Breckenridge,  N.  W.  47;  Omaha,  N.  W.  30;  Nov.  16.3, 
Pembina,  N.  W.  38. 

No.  3. — Nov.  16.3,  Breckenridge,  N.  W.  30;  Nov.  17.1,  Brecken- 
ridge, N.  W.  28;  Nov.  18.2,  Fort  Sully,  N.  W.  32. 

No.  4. — Nov.  27.1,  Grand  Haven,  N.  W.  32;  Milwaukee,  N.  W. 
41 ;  Nov.  29.2,  Quebec,  N.E.  67;  Nov.  29.3,  Quebec,  N.E.  42. 

No.  5. — Dec.  b.l,  Quebec,  N.  E.  41 ;  Dec.  8.2,  Escanaba,  N.  W. 
30;  Dec.  8.3,  Milwaukee,  N.  W.  30;  Dec.  9.1,  Milwaukee,  N. 
36 ;  Dec.  9.2,  Cape  May,  N.  W.  36 ;  Dec.  9.3,  Philadelphia, 
N.  W.  36 ;  Dec.  10.1,  New  York,  N.  W.  36. 

No.  6.— Dec.  20.1,  Quebec,  N.  E.  33;  Dec.  21.2,  St.  Louis,  N.  W. 
38;  Dec.  22.1,  Cape  May,  N.  W.  34. 

No.  7.— Dec.  22.2,  Breckenridge,  N.  W.  33;  Fort  Sully,  N.  34; 
Dec.  22.3,  Breckenridge,  N.W.  40;  Dec.  23.1,  Chicaeo,  N.W. 
32;  Grand  Haven,  N?W.  33;  Dec.  23.3,  Philadelphia,  N.  32. 

No.  8. — ^Dec.  26.1,  Milwaukee,  N.  E.  30;  Dec.  26.2,  New  London, 
N.  32;  Dec.  26.3,  New  York,  N.  W.  30;  Dec.  27.1,  Milwau- 
kee, N.  W.  30;  Dec.  27.2,  Grand  Haven,  N.  W.  30. 

No.  9.— 1873,  Jan.  9.1,  Breckenridge,  N.W.  32 ;  Fort  Garry,  N.W. 
31;  Pembina,  N.W.  36;   Jan.  9.2,  Breckenridge,  N.W.  35. 
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0.  10. — Jan.  12.8,  Breckenridge,  N.  W.  40;  Jan.  18.3,  Kingston, 
W.  22. 

a.  11. — Jan.  16.1,  Breckenridge,  N.  W.  36;  Jan.  17.1,  Cairo, 
N.  38. 

0.  12.— Jan.  27.2,  Breckenridge,  N.  40 ;  Fort  Sully,  N.  W.  32 ; 
Jan.  28.2,  Oswego,  N.  W.  28. 

0.  13.— Jan.  30.1,  Fort  Sully,  N.  W.  34. 

o.  14. — March  1.2,  Fort  Garry,  N.  W.  23 ;  March  1.3,  Brecken- 
ridge, N.  26 ;  March  2.1,  Eficanaba,  N.  36 ;  March  2.2,  Esca- 
naba,  N.  32;  March  3.2,  Cape  May,  N,  W.  32;  Philadelphia, 
N.  W.  30 ;  March  3.3,  Cape  May,  N.  W.  36 ;  Philadelphia, 
N.  W.  30;  Washington,  N.  W.  32;  March  4.1,  Cape  May, 
N.  W.  32 ;  March  4.2,  Cape  May,  N.  W.  80. 

0.  16. — ^March  24.2,  Breckenridge,  "K.  E.  80;  March  24.3,  Breck- 
enridge, N.  30. 

a.  16. — Dec.  1.1,  Cape  Rosier,  N.  W.  82. 

0.  17. — Dec.  3.2,  Yankton,  N.  W.  36 ;  Dec.  3.3,  Breckenridge, 
N.  28;  St.  Louis,  W.  43;  Dea  4.1,  Grand  Haven,  W.  49; 
Dec.  4.2,  Milwaukee,  N.  29. 

o.  18.— Dec.  8.2,  Yankton,  N.  W.  26  ;  Dec.  10.1,  Father  Point, 
N.  26 ;  Quebec,  W.  64. 

o.  19. — ^Dec.  18.2,  Yankton,  N.  W.  26;  Dec.  19.3,  Cape  May, 
N.  W.  24 ;  Quebec,  N.  E.  31. 

o.  20.— Dec  28.2,  Fort  Sully,  N.  W.  28 ;  Dec.  28.3,  Brecken- 
ridge, N.  W.  29;  Dec.  29.1,  Grand  Haven,  N.  W.  32;  Dec. 

29.2,  Oswego,  N.  W.  28 ;  Dec.  29.3,  Grand  Haven,  N.  W.  28; 
Erie,  N.  W.  28;  Dec.  30.1,  Erie,  N.  W.  28;  Cape  May.  N. 
W.  28. 

o.  21.— 1874,  Jan.  4.3,  Toronto,  N.  W.  32. 

0.  22. — Jan.  12.3,  Fort  SuUy^  N.  34 ;  Breckenridge,  N.  28;  Jan. 
13.1,  Fort  Sully,  N.  28;  Jan.  14.2,  Eastport,  N.  E.  40;  Que- 
bec, N.  E.  43 ;  Jan,  14.3,  Father  Point,  N.  E.  30 ;  Cape  Ros- 
ier, N.  K  30:  Jan.  16.1,  Cape  Rosier,  N.  E.  36;  Jan.  16.3, 
Cape  May,  N.  W.  32. 

o.  23. — Jan.  18.2,  Yankton,  N.  W.  40;  Jan.  19.1,  Escanaba,  N. 
28;  Jan.  19.3,  Oswego,  N.  E.  28 ;  Jan.  20.1,  Eastport,  N.  E. 
28 ;  Jan.  20.2,  Sydney,  N.  E.  29. 

o.  24.— Jan.  23.2,  Philadelphia,  N.  W.  32 ;  Jan.  24.2,  Erie,  N. 
W.  28;  Saugeen,  N.  W.  34;  Jan.  24.3,  Albany,  N.  W.  31; 
Philadelphia,  N.  W.  30;  Cape  May,  N.  W.  38;  Jan.  26.2, 
Oswego,  N.  W.  28;  Eastport,  N.  28;  Jan.  26.3,  Eastport, 
N.  28. 

o.  26.— Jan.  28.1,  Quebec,  N.  E.  47;  Jan.  28  3,  New  York,  N. 
W.  28 ;  Jan.  30.2,  Toledo,  N.  E.  28. 

ou  26.— Feb.  4.3,  Montreal,  N.  26;  Feb.  6.1,  Eastport,  N.  28; 
Feb.  6.2,  Albany,  W.  30. 

o.  27.— Feb.  20.2,  Fort  Sully,  N.  50;  Breckenridge,  N.  31; 
Feb.  20.3,  Fort  Sully,  N.  W.  30 ;  Yankton,  N,  W.  26 ;  Feb. 
21.1,  Yankton,  N.  W.  26 ;  Feb.  22.3,  Fort  Sully,  N.  36;  Feb. 

23.3,  Albany,  N.  W.  34;  Feb.  24.1,  Norfolk,  K  26. 
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No.  28.— March  22.2,  Detroit,  N.  W.  34 ;  Escanaba,  N.  W.  82 ; 
Grand  Haven,  N.  W.  86 ;  Milwaukee,  N.  W.  32 ;  March  22.8, 
Grand  Haven,  N.  W.  81;  Rochester,  N.  W.  34;  Saugeen, 
N.  W.  38;  Toronto,  N.  W.  31;  March  23.1,  Albany,  N.  W. 
26 ;  Oswego,  N.  W.  28 ;  Rochester,  N.  W.  25 ;  Saugeen,  N. 
W.  27;  Toronto,  N.  W.  26;  March  23.2,  Albany,  N.  W.  34; 
Oswego,  N.  W.  28;  Toronto,  N.  W.  29;  Montreal,  N.  W. 
27 ;  Cape  Rosier,  N.  W.  26 ;  March  23.3,  Burlington,  N.  W. 
40 ;  Cape  May,  N.  W.  26 ;  Father  Point,  N.  W.  48 ;  March 
24.1,  Eastport,  N.  32. 

No.  29.— April  12.1,  Albany,  N.  W.  28 ;  Burlineton,  N.  26^  East- 
port,  N.  28;  April  12.2,  Cape  Rosier,  N.  80;  April  12.3, 
Cape  Rosier,  N.  82. 

No,  30.— Sept.  16.2,  Quebec,  N.  E.  22;  Sept.  17.1,  Quebec,  N.  E. 
35 ;   Sept.  17.2,  Quebec,  N.  E.  36. 

No.  31.— Oct.  9.2,  Bismark,  N.  W.  86;  Port  Sully,  N.  30;  Pem- 
bina, N.  W.  28;  Oct.  10.2,  Grand  Haven,  N.  W.  32;  Oct 
10.3,  Parry  Sound,  W.  37. 

No.  32. — Oct.  28.1,  Bismark,  N.  34;  Oct.  28.2,  Cheyenne,  N.  W. 
40;  Oct.  28.3,  Yankton,  N.  W.  34;  Breckenridge,  N.  32; 
Oct.  29.2,  Yankton,  N.  W.  28;  Bismark,  N.  W,37;  Fort 
Sully,  N.  W.  32;  Oct.  29.3,  Fort  Sully,  N.  W.  28;  Quebec, 
N.  41 ;   Oct  30.1,  Yankton,  N.W.  28. 

In  column  6th  of  the  table  on  pages  8,  9  and  10  is  shown  the 
highest  wind  which  preceded  eacn  of  these  areas  of  high  barom- 
eter. We  see  that  these  maximum  velocities  range  from  thirty 
to  fifty-seven  miles,  the  average  being  thirty-nine  miles  per 
hour.  About  two-thirds  of  all  these  violent  winds  were  from 
the  northwest,  and  all  but  six  were  from  some  northern  quar 
ter.     These  winds  will  be  seen  represented  on  Plate  III. 

The  facts  thus  presented  seem  to  confirm  the  conclusions 
stated  in  my  eighth  paper,  and  also  to  warrant  some  additional 
generalizations.     We  see  that  immediately  after  a  center  of  low 

Eressure  has  passed,  the  wind  generally  sets  in  with  considera- 
le  force  from  a  northern  quarter.  By  the  earth's  rotation  this 
northerly  wind  is  deflected  to  the  right,  and  thus  is  maintained 
a  mechanical  rarefaction  of  the  air  about  the  low  center.  The 
westward  deflection  of  this  current  of  air  produces  a  mechani- 
cal condensation  of  the  air  on  the  western  side,  so  that  the  same 
cause  contributes  to  produce  an  area  of  low  barometer  on  the 
east  side  and  an  area  of  high  barometer  on  the  west  side,  and 
the  greater  the  force  of  this  northerly  wind,  the  greater  will  be 
the  condensation  of  the  air  on  the  west  side  of  the  low  area. 
Thus  areas  of  unusually  high  barometer  are  in  part  the  effect  of 
the  violent  north  winds  which  immediately  precede  them. 
These  north  winds  come  from  a  region  having  a  very  low  tem- 
perature, so  that  the  air  is  condensed  partly  by  mechanical 
pressure,  and  partly  by  its  low  temperature.     These  northerly 
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winds  push  down  with  unusual  force  over  Dakota  and  Minne- 
sota, because  during  the  winter  months  the  coldest  portion  of 
the  American  continent  is  near  this  meridian,  and  the  contrast 
between  the  temperature  of  Minnesota  and  that  of  the  Gulf  of 
Mexico  is  greater  than  is  found  for  an  equal  difference  of  lati- 
tude east  m  the  Mississippi. 

These  considerations  do  not  explain  the  high  barometer  in 
the  case  of  No.  9,  and  in  similar  cases  which  frequently  occur 
in  the  Southern  States ;  nor  do  they  explain  the  long  continu- 
ance which  frequently  characterizes  these  areas  of  nigh  pres- 
sure. Na  14  presents  a  case  in  which  an  area  of  high  barome- 
ter maintained  itself  for  a  week,  with  a  very  slow  progress 
towards  the  southeast,  and  during  all  this  time  the  air  was 
blowing  outward  from  the  center  of  high  pressure  with  a  veloc- 
ity of  nearly  ten  miles  per  hour.  This  outward  movement  of 
the  air  would  have  levelled  down  the  area  of  high  barometer  in 
a  day  or  two,  if  the  air  thus  drawn  off  had  not  been  replaced 
from  some  other  source.  In  the  case  of  April  12,  1874,  the 
outward  movement  of  the  air  was  nearly  twenty  miles  per  hour, 
yet  this  high  area  maintained  itself  for  several  days  with  but 
little  diminution  while  it  moved  slowly  towards  the  southeast 
The  supply  of  air  requisite  to  maintain  these  areas  of  high  pres- 
sure appears  to  come  from  the  air  which  ascends  from  areas  of 
low  barometer;  and  since  in  the  middle  latitudes  of  North 
America  the  upper  current  is  generally  found  moving  from  the 
northwest,  the  supply  of  air  which  maintains  an  area  of  high 
barometer,  must  come  chiefly  from  an  area  of  low  barometer 
situated  on  its  west  or  northwest  side. 

This  conclusion  is  confirmed  by  the  observations  on  the  direc- 
tion of  the  upper  clouds  made  by  the  observers  of  the  United 
States  Signal  Service,  at  the  dates  of  the  low  barometer  recorded 
in  my  eighth  paper.  In  each  of  these  cases  when  there  was  a 
well-defined  area  of  high  pressure  on  the  east  side  of  the  area  of 
low  pressure  within  the  limits  of  the  United  States,  I  selected 
all  the  cases  in  which  the  direction  of  the  upper  clouds  was 
recorded  at  stations  intermediate  between  the  centers  of  low 
and  high  pressure.  The  results  are  given  in  the  following 
table  in  which  column  first  shows  the  date  of  the  observation ; 
column  second  shows  the  station ;  column  third  shows  the 
direction  of  the  surface  wind,  and  column  fourth  shows  the 
direction  of  the  upper  clouds  at  the  given  date  and  station. 

It  will  be  seen  that  the  surface  winds  were  in  all  cases  blow- 
ing inward  towards  the  low  center,  but  inclined  to  the  right ; 
that  is,  they  circulated  around  the  low  center,  and  at  the  same 
time  moved  spirally  inward.  The  upper  clouds  were  in  all 
cases  moving  away  from  the  low  center  and  towards  an  area  of 
high  pressure  on  the  east  or  southeast  side.  The  movement  of 
the  upper  clouds  was  sometimes  directed  almost  exactly  towards 
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Direction  of  the  upper  clouds  between  areas  of  low  and  high  pressure. 


Dftte. 

StoUon. 

Wind. 

Cloudi. 

Dftte. 

StatloD. 

wind. 

donds. 

1872. 

1874. 

Dec.  24.1  Breokeoridge 

S.E. 

W. 

left. 

Feb.  11.2 

Omaha 

a 

W. 

right 

1873. 

Tdedo 

E. 

w. 

right 

Jan.  29.2  Chicago 

S. 

W. 

left 

11.3 

Toledo 

£. 

w. 

rifi^ 

Feb.    6.2  Breckenridge 

S.W. 

N.W. 

left 

12.1 

Alpena 

aK 

aw. 

left 

iDayenport 

S.W. 

N. 

left 

Cincinnati 

aB. 

aw. 

left 

Sept  26. 1  \  Marquette 

S.E. 

S.W. 

left 

Fort  Gibson 

E. 

S.W. 

left 

Milwaukee 

S.E. 

S.W. 

left 

Grand  Uaven 

aE. 

w. 

=r 

;St  Louis 

8. 

w. 

^^^ 

Rochester 

S.E. 

w. 

^T 

Toledo 

aE. 

S.W. 

left. 

Toledo 

£. 

N.W. 

^^ 

26.2  Alpena 

S.K 

aw. 

left 

Toronto 

B. 

aw. 

left 

iGincinnati 

S.E. 

aw. 

left. 

12.2 

BrockvilTe 

N.B. 

w. 

left 

Duluth 

B. 

s.w. 

left. 

Oswego 

as. 

N.W. 

= 

Port  Doyer 

E. 

aw. 

left 

Washington 

K 

w. 

rij^ 

Toledo 

S. 

w. 

left 

Mar.    1.2 

Albany 

a 

w. 

left 

Toronto 

E. 

w. 

left. 

1.3 

Albany 

8. 

w. 

left 

Washinffton 

S.B. 

w. 

left 

Ottawa 

a 

N. 

= 

Oct  17.2  Cleveland 

S.E. 

w. 

right 

6.2 

Cincinnati 

a 

N.W. 

right 

LouiflviUe 

S. 

N.W. 

right 

Memphis 

S.R. 

s.w. 

= 

Lynchburg 

S.K 

N.W. 

right 

6.3 

Indianapolis 

a& 

aw. 

= 

Dea    3.3  Buffalo 

8. 

aw. 

left. 

16.2 

Alpena 

aE. 

aw. 

left 

iCape  Rosier 

N.R 

w. 

left 

Toronto 

R 

S.W. 

left 

Dec.  31.2  Fort  Gibson 

S.K 

N.W. 

right 
left 

Apr.  12.2 

Cincinnati 

K 

N.W. 

rig^ 

Indianapolis 

S.B. 

w. 

Davenport 

ae. 

w. 

— 

LaCroBse 

S. 

N.W. 

— 

Dubuque 

E. 

N. 

ri^t 

Lynchburg 

8. 

N.W. 

left 

Enoxville 

E. 

w. 

right 

Marquette 

S. 

w. 

left 

Marquette 

a 

w. 

kift    , 

1874. 

Memphis 

aF^ 

w. 

ri^t 

Jan.    2.2 

Breckenridge 

E. 

w. 

left. 

St  Louis 

E. 

w. 

right 

Leavenworth 

S. 

N.W. 

right 

8t  Paul 

S.E. 

W.        left 

Memfrfiis 

S.E. 

aw. 

left. 

TanktOQ 

aR 

N.W.    right 

Omaha 

S. 

w. 

left 

12.3 

Leavenworth 

S.E. 

aw.     left 

Pembina 

E. 

S.W. 

left 

30.2 

Alpena 

aR 

N.W. 

left 

Yankton 

S. 

N.W. 

right 

May    8.2 

Leavenwor^ 

a 

N.W. 

zz 

Jan.    2.3 

St  Paul 

S.B. 

aw. 

left 

Port  Dover 

a 

N. 

= 

3.1 

Fort  Gibson 

S.E. 

w. 

r= 

St  Paul 

a 

W. 

left 

Memphis 

S.R 

aw. 

left 

Toronto 

B. 

NW. 

left 

3.2 

Cincinnati 

a. 

w. 

left. 

9.1 

Fort  Garry 

N.B. 

W. 

left. 

Vicksburg 

K 

aw. 

left 

St  Paul 

8. 

W. 

left 

16.1 

St  Paul 

8.E. 

N.W. 

left 

9.2 

Fort  Garry 

N.R 

w. 

left 

16.2 

Rscanaba 

S. 

N.W. 

left 

St  Paul 

S. 

N.W. 

•^ 

Memphis 

E, 

W. 

right 

27.2 

Cairo 

S.B. 

aw. 

left 

17.1 

Oswego 

S.B. 

N.W. 

left. 

Escanaba 

a 

w. 

left 

Feb.  11.2 

Alpena 

E. 

W. 

:^ 

Fort  Sully 

aR. 

w. 

left 

Chicago 

N.E. 

aw. 

left 

Keokuk 

s. 

N.W. 

ri^ 

Davenport 

S.E. 

w. 

right 

Memphis 

N.B. 

W. 

right 

Detroit 

aE. 

w. 

right 

Milwaukee 

as. 

w. 

left 

Escanaba 

S.E. 

N.W. 

right 

3t  Louis 

aE. 

aw. 

left 

Fort  Gibson 

S.E. 

w. 

right 

St  Paul 

a 

w. 

left 

Grand  Haven 

S.E. 

w. 

right 
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the  center  of  high  pressure;  and  such  cases  are  designated  by 
the  character  =  in  column  fifth  of  the  table.  Sometimes  the 
direction  of  the  upper  clouds  was  such  as  would  carry  them  to 
the  right  of  the  high  center ;  and  such  cases  are  designated  by 
the  term  right  in  column  fifth  of  the  table.  Generally,  how- 
ever, the  direction  of  the  upper  clouds  was  such  as  would  carry 
them  to  the  left  of  the  high  center.  Such  cases  are  designated 
by  the  term  leji  in  column  fifth  of  the  table.  We  perceive 
that  the  movement  towards  the  left  of  the  high  center  is  more 
than  twice  as  frequent  as  towards  the  right;  that  is,  while  the 
movement  of  the  upper  clouds  is  from  an  area  of  low  pressure 
towards  an  area  of  nigh  pressure,  there  is  a  tendency  to  circu- 
late around  the  high  center  in  the  same  direction  in  which  the 
snr&ce  winds  circulate  around  a  center  of  high  pressure.  Thus 
We  see  that  near  the  earth's  surface  there  is  a  steady  but  circu- 
itous movement  of  the  air  from  an  area  of  high  barometer 
towards  an  area  of  low  barometer  where  the  air  ascends,  and 
thence  by  a  retrograde  movement  it  returns  to  some  area  of 
high  barometer  (perhaps  the  same  one  from  which  it  started), 
where  it  descends  to  the  surface  of  the  earth  and  again  repeats 
the  same  or  a  similar  movement 

A  similar  circulation  of  the  air  is  indicated  by  the  observa- 
tions of  temperature  at  Iceland  when  compared  with  observa- 
tions in  Central  Europe. 

In  my  fifth  paper,  page  7,  I  have  shown  that  according  to 
observations  of  fifteen  years,  a  temperature  above  the  mean  in 
Iceland  is  generally  accompanied  by  a  temperature  below  the 
mean  in  Central  Europe,  and  the  contrast  is  most  decided  dur- 
ing the  colder  months  of  the  year.  I  have  recently  received 
the  Journal  of  the  Scottish  Meteorological  Society,  vol.  iii,  N. 
S.,  which  furnishes  the  mean  temperature  of  each  month  in 
Iceland,  from  November,  1845,  to  iuecember,  1871,  a  period  of 
twenty-six  years,  and  I  have  compared  the  temperature  of  each 
month  with  the  average  temperature  of  that  month  for  the 
entire  period.  In  the  Sitzungsberichte  der  Akademie  der  Wis- 
senschaften  zu  Wien,  December,  1866,  is  given  the  mean  tem- 
perature of  each  month  at  Vienna,  from  1775  to  1864,  together 
with  the  difference  between  the  temperature  of  each  month  and 
the  mean  temperature  of  that  month  as  derived  from  observa- 
tions of  ninety  years.  The  temperature  of  Vienna  from  1865 
to  1872,  is  given  in  Jelinek's  Jahrbticher  fiir  Meteorologie,  1871, 
page  189.  Upon  comparing  the  departures  from  the  mean 
temperature  at  Iceland  and  Vienna  for  these  twenty -six  vears, 
we  obtain  nearly  the  same  result  as  had  been  previously 
deduced  from  observations  of  fifteen  years.  The  following 
table  shows  the  comparison  for  three  months,  November, 
December  and  January,  for  the  entire  period  of  forty-one  years. 
Column  second  for  each  month  shows  aU  the  cases  in  which  the 
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temperature  at  Iceland  was  at  least  2^  degrees  Fahrenheit  (one 
degree  Beaumur)  above  the  mean,  and  the  year  is  shown  in 
column  first.  Column  third  shows  how  much  the  temperature 
at  Vienna  for  the  same  month  was  above  or  below  the  mean. 

Temperature  of  Iceland  and  Vienna  compared 


NOYXMBBB. 

Deckmbxb. 

Jakuabt 

• 

loeland. 

Vienna. 

leelftnd. 

Vlennft. 

leelnnd. 

Vienna. 

1827 

+  6^-1 

-7M 

1826 

+  2''6 

+  4°-3 

1823 

+4n 

-10**2 

32 

2-7 

-30 

28 

6-2 

+  3-7 

28 

4*5 

+   0*4 

85 

3-6 

-80 

29 

4-1 

-13-4 

29 

23 

-  3*7 

46 

50 

-3-8 

31 

3-2 

—  0*3 

80 

4*3 

—11-9 

61 

2*9 

-4-6 

34 

6*1 

+   3-1 

83 

3*1 

-  7-5 

56 

3-6 

0 

35 

2-9 

-  4-0 

47 

9-9 

-  3  7 

67 

5*3 

-8-6 

49 

5-0 

-  3*4 

48 

2-6 

-110 

68 

2*5 

-81 

50 

5*9 

+  0-7 

61 

6*5 

+  0.9 

64 

4-3 

-1-8 

51 

70 

+  01 

61 

5-3 

-  3*6 

67 

3-5 

-1-8 

53 

5-2 

-  8-4 

62 

3*9 

-  1-6 

70 

2-7 

+  4-8 

58 

2-9 

+  0*9 

64 

3*4 

-  90 

Mean 

+  3-7 

-3-4 

61 
64 
75 
67 
71 

3*5 
30 
3-6 
2*3 
3-4 

-  2-7 

-  6*6 
+   1-1 

-  11 
-10*1 

69 
70 

5*1 
2*9 

—  0-2 
+  0-4 

+  5-1 
+  01 

-7-1 
7-7 

Mean 

+  4-4 

-4-7 

1828 

+41 

1827 

Mean 

+  4*2 

-.2-3 

29 

—  10*2 

32 

+  2-7 

31 

1829 

+  4*1 

-13-4 

26 

-0-4 

8-2 

35 

+  3-6 

8-0 

32 

—0-6 

30 

29 

+  2  3 

3-7 

46 

+  60 

3-8 

35 

+  2-9 

40 

30 

+  4-3 

11*9 

47 

-2-7 

2-8 

46 

+  0*9 

3-3 

31 

+  0-6 

3*2 

49 

—  0-2 

2-7 

49 

+  50 

3-4 

33 

+  31 

7-6 

51 

+  2-9 

4-5 

53 

+  6-2 

8*4 

47 

+  9-9 

3-7 

63 

+  1-2 

2-6 

55 

+  0*9 

10-8 

48 

+  2-5 

110 

54 

-0-6 

3-6 

59 

-60 

61 

50 

+  1-4 

6-6 

56 

-0-7 

6-3 

61 

+  3-5 

2-7 

58 

+  0*7 

31 

57 

+  53 

3-5 

64 

+  3*0 

6-7 

61 

+  5-3 

3-6 

58 

+  2-5 

8-1 

70 

+  21 

5-4 

64 

+  3-4 

9*0 

60 

+  1-8 

3-3 

71 

+  3-4 

101 

71 

+  1-6 

51 

Mean 

+  1-9 

-4-8 

Mean 

+  2*0      -6-4 

Mean 

+  3  0 

-6-7 

It  will  be  seen  that  for  the  years  here  named,  the  average  tem- 
perature of  Iceland  in  November  was  8*7  degrees  (Fahrenheit) 
above  the  mean,  while  that  of  Vienna  was  8*4  degrees  below  the 
mean  ;  and  for  the  three  months  compared,  the  temperature  of 
Iceland  was  4*1  degrees  above  the  mean,  while  that  of  Vienna 
for  the  same  months  was  8'5  degrees  below  the  mean.  Now  if  the 
temperature  of  Vienna  were  independent  of  the  causes  which 
affect  the  temperature  at  Iceland,  the  average  departure  from  the 
mean  temperature  at  Vienna  for  the  months  in  question  should 
be  zero,  instead  of  which  we  find  the  value  8*5  oegrees. 

In  the  lower  half  of  the  table,  column  third  contains  all  the 
cases  in  which  the  temperature  at  Vienna  was  at  least  2J 
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degrees  (Fahrenheit)  below  the  mean,  and  column  second  shows 
how  much  the  temperature  at  Iceland  was  above  or  below  the 
mean  for  the  same  months.  It  will  be  seen  that  for  the  years 
here  named,  the  average  temperature  at  Vienna  in  November 
was  4*8  degrees  below  the  mean,  while  that  of  Iceland  was  1*9 
degrees  aboi>e  the  mean  ;  and  for  the  three  months  compared, 
the  temperature  at  Vienna  was  6*0  degrees  below  the  mean, 
while  that  of  Iceland  was  2*8  degrees  above  the  mean.  If  the 
temperature  at  Iceland  were  independent  of  the  causes  which 
affect  the  temperature  at  Vienna,  the  average  departure  from 
the  mean  temperature  at  Iceland  for  the  months  in  question 
should  be  zero,  instead  of  which  we  find  the  value  2*8  aegrees. 
Considering  that  these  are  the  average  results  derived  from 
forty-one  years  of  observations,  I  think  it  is  established  that 
when  the  temperature  of  Iceland  during  the  colder  months  of 
the  year  is  much  above  the  mean,  the  temperature  at  Vienna  is 
generally  depressed  below  the  mean. 

It  will  be  noticed  that  exceptions  to  this  rule  do  occasionally 
occur.  Thus  in  December,  1826,  '28  and  '84,  and  in  Novem- 
ber, 1870,  the  temperature  was  unusually  high  both  at  Iceland 
and  Vienna ;  also  in  November,  1847,  and  December,  1859,  the 
teniperature  was  unusually  low  both  at  Iceland  and  Vienna. 
In  iJecember,  1826  and  '28,  the  temperature  was  above  the 
mean  over  nearly  the  whole  of  Europe,  but  in  Sicily  it  was 
somewhat  below  the  mean.  In  December,  1884,  the  tempera- 
ture was  considerablv  below  the  mean  in  Switzerland  and 
Northern  Italy ;  and  m  November,  1870.  the  temperature  was 
below  the  mean  in  England.  In  November,  1847,  although 
the  temperature  was  below  the  mean  both  at  Iceland  and 
Vienna,  it  was  very  much  above  the  mean  at  St.  Petersburgh, 
and  throughout  a  considerable  portion  of  Northern  Europe. 
In  December,  1859,  the  depression  of  temperature  was  widely 
extended,  but  I  have  not  been  able  to  determine  whether  it 
reached  to  all  parts  of  Europe. 

The  preceding  facts  seem  to  confirm  the  conclusions  which  I 
stated  in  my  fifth  paper,  that  an  area  of  low  barometer  in  Ice- 
land, is  usually  accompanied  by  an  area  of  high  barometer  in 
Southern  or  Southeastern  Europe,  and  that  during  the  colder 
months  of  the  year,  Vienna  is  generally  near  the  center  of  this 
high  area.  I  infer  also  that  this  area  of  hi^h  pressure  is  replen- 
ished by  air  which  rises  from  the  area  of  low  pressure.  This 
air  which  ascends  near  Iceland  travels  as  an  upper  current 
towards  the  southeast,  and  hence  the  average  direction  of  the 
upper  current  in  Europe  during  the  winter  months  is  from 
about  N.  62**  W.  to  S.  52^  R 

In  preparing  the  materials  for  this  article  I  have  been 
assisted  by  Mr.  Henry  A.  Hazen,  a  graduate  of  Dartmouth  Col- 
lege, of  the  class  of  1871. 
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Art.  it. — On  Acoustic  Repulsion;  by  V.  DvouAK. 

(Translated  from  Annalen  der  Phjsik  uDd  Ghemie,  Band  in,  No.  3.    Dated 
Agram,  19th  November,  1877.    With  a  note  bj  Alfred  M.  Matxb.) 

(1.)  Acoustic  repulsion  of  resonators  which  are  open  at  one 
end  only. — In  a  previous  article  **  On  Acoustic  Attraction  and 
Repulsion,"  I  have  conclusively  proved  by  theoretic  considera- 
tions as  well  as  by  experiments,  that  the  average  pressure  at 
the  node  in  a  column  of  air  vibrating  in  stationarv  waves  can- 
not be  equal  to  zero  as  long  as  the  amplitude  of  vibration  is 
not  infinitely  small. 

In  a  resonator,  open  at  one  end,  as  for  example  a  cylinder, 
we  find  a  node  at  the  closed  end.  In  the  interior  of  the  cylin- 
der near  its  closed  end  there  exists  a  greater  pressure  than  on 
the  outer  surface  of  this  end  which  is  touched  by  the  outside 
air,  as  can  be  easily  shown  by  means  of  a  sensitive  manometer. 

To  obtain  resonance  the  opening  of  the  cylinder  is  turned 
toward  the  source  of  the  sound,  and  the  cylinder  is  then' 
repelled  by  the  excess  of  pressure  within.  Resonators  not 
having  a  cylindrical  form,  but  open  at  one  end,  are  also  subject 
to  sucn  repulsion.  In  my  previous  communication  I  have  indi- 
cated means  for  observing  the  acoustic  repulsion  of  resonators. 
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As  the  method  described  there  is  not  verv  sensitive,  I  have 
replaced  it  by  the  following.  The  resonators  here  employed 
are  usually  made  of  stiff  drawing  paper  covered  with  gum 
Arabic  and  have  the  shape  of  the  cylinder  with  a  little  paper 
tube  A/  at  one  end  ;  fig.  1,  A.  This  little  tube  may  also  be 
omitted  as  in  fig.  1,  B ;  in  that  case  the  resonator  is  tuned  by 
increasing  or  diminishing  the  little  opening,/^.  Even  a  cylin- 
drical tube  open  at  one  end,  fig.  1,  0,  may  serve  our  purpose 
as  a  resonator.  Spherical  resonators  of  glass,  fig.  1,  D,  wnich 
a  practiced  glass-blower  can  make  as  light  as  paper  resonators, 
are  excellent  The  note  of  the  resonators  is  determined  by 
gently  blowing  over  the  opening  or  by  tapping. 
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The  resonator  is  fastened  with  sealing  wax  to  the  end  of  a 
light  wooden  rod,  the  other  extremity  of  which  is  provided 
with  a  counterpoise  of  lead  0,  fig.  2.  The  center  of  the  rod 
has  a  glass  cap,  H,  which  rests  on  a  needle  point 

The  best  source  of  sound  is  a  resonant  box  of  a  tuning  fork, 
fig.  2.  The  repulsion  is  so  great  that  it  is  apparent  even  with 
an  ordinary  brass  Helmholtz  resonator,  weighing,  with  the  lead 
counterpoise,  142  grams.*  With  every  tuning  fork  we  must  first 
ascertain  whether  the  air  in  the  resonating  box  vibrates  with  suf- 
ficient energy,  because  this  is  not  always  tne  case  even  with  accu- 
rately tuned  boxes.  As  the  elasticity  of  the  different  boards 
which  form  the  elastic  system  of  the  box  is  not  equal,  their 
vibrations  may  hinder  the  formation  of  the  node  at  the  bottom 
of  the  box  ;  in  this  case  the  air  on  the  bottom  of  the  box  will 
vibrate  but  feebly.  We  can  easily  ascertain  this  fact  by  accu- 
rately tuning  the  box  to  the  note  of  the  fork  and  then  observing 
whether  the  note  is  considerably  weakened  by  partially  cover- 
ing the  opening.  If  it  is  not,  then  the  air  in  the  box  has  but 
little  vibration  even  if  the  tone  of  the  fork  is  powerful.  I  have, 
for  example,  two  boxes  with  excellent  tuning  forks  by  Kdnig 
(of  256  vibrations  per  second),  in  which  the  air  would  in  nowise 
vibrate  powerfully.  The  strength  of  the  vibration  of  the  air 
was  considerably  affected  by  the  degree  of  tightness  with  which 
the  fork  was  screwed  to  the  top  of  the  box.  The  fork  is 
always  vibrated  powerfully  with  a  bow,  and  two  bits  of  rubber 
tubing  must  be  on  the  bottom  of  the  box.  I  generally  use  the 
fork  A3,  of  435  vibrations  per  second,  by  Kdnig.  Kepulsion 
is  then  plainly  visible  with  glass  resonator  at  a  distance  of  ten 
centimeters  from  the  opening  of  the  box.  With  a  large  C  fork 
of  Kdnig  (of  128  vibrations)  which  sounds  for  more  than  ten 
minutes,  it  was  apparent  at  a  distance  of  twenty  centimeters. 

The  resonators  may  be  tested  either  by  the  reinforcement  of 
the  sound  produced  with  a  tuning-fork,  or  by  the  weakening 
of  the  sound  on  approaching  them  to  the  opening  of  the  box.f 
It  is  not  possible  to  obtain  the  repulsion  of  resonators  from  the 
prongs  01  a  tuning  fork  alone,  as  their  aerial  vibrations  are  too 
weak.  (Compare  Pogg.,  clvii,  p.  42).  I  formerly  tried  in  vain  to 
obtain  acoustic  repulsion  from  vibrating  bodies  without  the  aid 
of  resonance.  I  suspended  small  resonators  before  the  end  of 
a  glass  tube  vibrating  longitudinally  and  provided  with  a  cork 
to  increase  the  vibrating  surface.  The  open  end  of  the  resona- 
tor was  probably  too  near  the  end  of  the  fork,  and  so  produced 
a  lowering  of  the  tone  and  acoustic  attraction  instead  of  repul- 

*  The  appiyratos  represented  in  fig.  3  maj  be  also  used  to  show  aoonstio  attrac- 
tkm  by  taming  the  closed  end  of  the  resonator  toward  the  box. 

f  This  is  perhaps  connected  with  a  conversion  of  the  atrial  vibrations  in  the 
box  into  the  work  of  repulsion.  The  vis  viva  of  the  sound-vibrations  disappears 
to  re-appear  as  work. 
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sioiL  Attraction  is  probably  present  in  all  cases  and  can  assert 
itself  only  when  not  connteraeted  by  greater  repulsion.*  Later 
I  obtained  repalsion  very  easily  in  a  longitnainally  vibrating 
glass  tube  127  centimeters  long  and  27  millimeters  in  diameter, 
on  tbe  end  of  wbicb  was  a  cork  46  millimeters  in  diameter. 
One  of  the  resonators  used  was  spherical,  fig.  1,  B,  and  another 
cylindrical,  C. 

I  also  obtained  powerful  repulsion  with  a  circular  disk  81 
centimeters  in  diameter  and  2  millimeters  thick,  made  bv 
Konig.  The  plate  was  fastened  in  the  center  in  a  vertical  posi- 
tion and  made  to  vibrate  in  six  segments,  producing  a  note  of 
208  vibrations.  The  resonator  was  made  of  stiff  paper  of  the 
form  of  B,  fig.  1 ;  a  &  ^^^^  80  millimeters,  c  d  140  milli- 
meters, f  g^  equal  17  millimeters,  and  its  opening  was  placed 
in  front  of  the  center  of  a  vibrating  segment,  or  ventre. 

(2.)  2%c  Acoustic  Mill. — A  continuous  rotation  is  easily 
obtained  on  the  principle  of  the  acoustic  repulsion  of  resonators 
by  fastening  four  very  light  paper  or  glass  resonators  upon 
two  wooden  rods,  o,  p;  r,  y,  fig.  8,  crossing  at  right  angles, 
and  balanced  on  a  glass  cap.  All  the  openings  of  the  resonators 
fronting  one  side  in  the  direction  of  tangents.  The  whole 
apparatus  is  placed  before  the  opening  K  of  the  resonating  box 
and  fork,  in  the  manner  indicated  in  fig.  8.     The  open  end  a  of 

resonator,  1,  is  repelled  from 
K ;  the  closed  end  B  of  resona- 
tor 2,  is  attracted,  but  in  gene- 
ral this  attraction  does  not  in- 
crease the  rapidity  of  rotation, 
because  it  counteracts  rotation 
the  moment  the  resonator,  2, 
has  changed  its  position  about 
■  45**.  It  is  thereiore  not  possi- 
ble to  obtain  continuous  rota- 
tion by  means  of  acoustic  attraction,  as  I  have  shown  by  nume- 
rous experiments.f  The  resonator,  1,  continues  to  move  by 
reason  of  its  inertia  and  resonator  2  takes  its  place,  being  in 
turn  repelled,  and  so  on. 

A  very  rapid  rotation  is  obtained  by  using  a  large  Kundt's 
tube  ana  placing  a  small  acoustic  mill  before  its  open  end. 

The  glass  tube  (Kundt^s)  which  vibrates  longitudinally  and 
produces  the  tone,  is  fastened  to  a  heavy  table,  and  protrudes 

*  These  experiments  were  also  described  in  a  previous  communicatioD.  In  the 
apparatus  represented,  fig.  2,  repulsion  is  easily  converted  into  attraction  by 
diminishing  the  opening  of  the  resonator  with  wax,  and  so  throwing  it  out  of 
tune. 

f  Instead  of  the  resonators,  fig.  3,  I  used  vertical  paper  vanes,  varying  the 
curvature  without  achieving  any  results,  notwithstanding  the  fact  that  there  was 
a  pretty  strong  acoustic  attraction  for  each  separate  vane. 
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only  a  short  distance  through  the  cork  into  the  glass  tube, 
placed  upon  a  separate  table  so  that  its  open  end  projects  some- 
what beyond  the  edge  of  the  latter.  The  length  of  the  rod 
was  127  centimeters,  the  diameter  twenty-seven  millimeters ; 

the  half  wave  length  of  its  note,  ^,  equals  ten  and    one-half 

centimeters.  The  length  of  the  tube  was  45  centimeters,  the 
length  of  the  vibrating  column  of  air,  corrected  for  the  open 

end,  was  3^  +  -r ;  the  inner  diameter  was  five  centimeters. 

(8.)  The  Acoustic  Torsion  Balance. — If  we  hang  by  a  wire  a 
wooden  rod  provided  with  a  resonator,  like  the  beam  of  a 
Coulomb's  torsion-balance,  in  a  case  having  an  opening  in  the 
side  turned  toward  the  resonator,  we  can  compare  the  intensity 
of  notes  having  an  equal  number  of  vibrations  by  means  of  the 
repulsion  of  the  resonator ;  but  further  experiments  are  neces- 
sary to  test  the  practicability  of  this  method.  The  sound  pro- 
ceeded from  an  open  pipe,  having  the  note  A  (of  435  viora- 
tions).  To  prevent  the  current  of  air  which  passes  through 
the  pipe  from  striking  the  resonator  attached  to  the  balance, 
we  must  cut  the  pipe  exactly  in  the  middle  of  its  node,  and 
insert  a  slack  memorane  softened  with  glycerine.  To  prevent 
the  air,  issuing  from  the  mouth  of  the  pipe,  from  impinging  on 
the  resonator,  a  broad  box  is  used  which  surrounds  the  mouth  of 
the  pipe  air-tight  This  box  is  open  on  the  side  opposite  the 
resonator  so  as  not  to  impair  the  tone.  The  pipe  is  sounded 
by  means  of  a  Konig  s  acoustic  bellows  with  a  uniform  blast  of 
air.  The  distance  of  the  resonator  from  the  mouth  of  the  pipe 
must  be  at  least  two  or  three  centimeters,  to  avoid  a  change  of 
pitch. 

(4.)  Production  o/aonal  currents  by  Sound. — It  may  easily  be 
proved  by  simple  theoretic  considerations  that  the  mean  {)res- 
sure  at  the  node  of  a  column  of  air  is  greater  than  at  its  ventre, 
and  that  it  steadily  diminishes  in  passing  from  the  node  to  the 
ventre,  provided  that  the  amplitude  of  vibration  is  not  infinitely 
small. 

It  would  seem  that  this  diflference  of  pressure  would  be  neu- 
tralized by  the  passage  of  the  air  from  the  node  to  the  ventre. 
There  would  then  be  produced  a  mean  pressure  in  the  whole 
column,  which  would  oe  greater,  however,  than  that  of  air  at 
rest  Consequently  air  would  issue  from  the  opening  of  the 
vessel  in  which  it  forms  stationary  waves.  I  have  not  suc- 
ceeded so  far  in  making  the  whole  process  clear,  for  in  reality 
no  perfect  balance  of  pressure  takes  place.  The  manometer 
always  shows  a  slight  excess  of  pressure  even  at  the  ventre, 
but  this  excess  increases  as  we  pass  to  the  node.  All  my  pre- 
vious experiments  indicate   moveover  that  a  current  of  air 
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passes  from  the  node  to  the  ventres,  at  least  in  Kundt's  tabe.  Id 
which  the  air  waves  are  very  powerful.  This  principal  current 
lasts  as  long  as  the  air  vibrates.  Besides,  the  same  experimcDts 
show  a  continuous  secondary  current,  close  to  the  walls  of  the 
tube  and  in  a  direction  contrary  to  that  of  the  principal  current, 
so  that  the  whole  air  in  the  tube  is  in  circulation.  The  cross 
section  of  the  principal  current  is  nearly  as  great  as  that  of  the 
tube,  while  that  of  the  secondary  current  is  a  very  narrow  ring. 

The  excess  of  pressure  as  shown  by  a  manometer  at  the 
node  is  always  less  than  the  theoretical  pressure,  because  in  the 
latter  the  air  is  not  supposed  to  move  from  the  node  and  to 
equalize  the  pressure.  Oi  course  the  excess  of  pressure  at  the 
ventre  is  not  equal  to  zero,  as  theory  requires.  Probably  the 
friction  of  the  walls  has  much  to  do  with  these  phenomena. 
It  may  be  expected  from  what  has  been  said  that  the  air  will 
issue  from  the  vessel  in  which  it  vibrates  in  stationary  waves. 
The  manometer  shows  in  the  first  place  that  the  excess  of  pres- 
sure is  not  equal  to  zero  in  the  plane  of  the  opening  of  a  reso- 
nator because  a  portion  of  the  air  immediately  in  front  of  this 
opening  partakes  of  this  stationary  wave  motion,  and  because 
there  is  always  a  small  excess  of  pressure  even  in  the  ventre  of  a 
stationary  wave.  There  is  no  dou  ot  that  a  partial  eo  ualization  of 
pressure  takes  place  at  the  opening ;  experiments  show,  further- 
more, that  there  is  a  continuous  exit  of  air  which,  as  in  Kundt's 
tube,  is  probably  neutralized  by  a  secondary  and  contrary  cur- 
rent 

The  exit  of  the  air  can  easily  be  proved,  as  follows  :  a  spher- 
ical glass  resonator  is  placed  before  the  resonant  base  of  a  tun- 
ing fork,  the  resonator  is  filled  with  tobacco  smoke,  strong 
vibrations  are  given  to  the  fork,  when  the  smoke  will  be  seen 
to  rush  from  the  resonator. 

The  current  of  air  proceeding  from  a  resonator  is  well  shown 
by  means  of  a  Chladni  plate,  by  means  of  lycopodium,  which 
accumulates  upon  the  ventres  in  little  heaps  when  the  plate  is 
sounded.  If  now  we  place  the  opening  of  a  bottle,  or  bottles 
of  a  resonator,  B,  over  such  a  heap,  the  lycopodium  is 
immediately  blown  about  in  a  circle  and  may  be  scattered  in 
any  direction  by  giving  suitable  inclinations  to  the  resonator. 
A  glass  plate  held  over  a  heap  of  lycopodium  produces  the 
opposite  effect  by  causing  it  to  contract 

1  have  succeeded  in  producing  comparatively  strong  currents 
of  air  in  still  another  manner,  but  I  have  not  yet  found  an 
explanation  of  these  complicated  phenomena. 

A  cone  made  of  stiff  paper  was  neld  with  its  large  end  oppo- 
site the  opening  of  a  large  Kundt's  tube.  The  size  of  this  cone 
may  vary,  but  its  effect  is  greatest  when  it  vibrates  to  the 
same  note  as  the  Kundt's  tube,  and  so  forms  a  resonator  open 
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at  both  ends ;  the  diameters  of  its  open  ends  are  thirtj-seven 
and  seven  millimeters  and  its  length  ninety  millimeters. 

When  the  Kundt's  tube  begins  to  sound  loudly  a  current  of 
air  issues  from  the  narrow  end  of  the  cone  with  such  violence 
that  it  easily  blows  out  of  the  flame  of  a  candle  at  a  distance 
of  twenty  centimeters.  This  current  rushes  through  the  cone 
with  a  peculiar  noise  and  is  easily  felt  with  the  finger. 

4.  The  cone  may  be  replaced  by 

==  a  cylinder  having  the  width  of 

the  Kundt's  tube,  open  at  the 

end  turned  toward  the  latter, 

^         and  closed  all  but  a  small  hole 

at  the  end,  but  the  current  is 

much  weaker,  nevertheless  it 

will  move  a  small  wheel  with 

===  vertical  paper  vanes,  fig.  4. 

In  the  experiments  with  the 
tuning  forks,  it  is  essential  that 
the  cone  should  vibrate  to  the 
same  note  as  the  fork,  otherwise 
the  current  is  too  weak.     For 
the  fork  A  (of  485  vibrations), 
the  openings  of  the  cone  have 
diameters  of  82  and  8  millimeters,  and  the  length  873  milli- 
meters.    The  opening  at  the  apex  of  the  cone  must  be  very 
small  to  obtain  an  appreciable  current 

On  conclusion  of  this  investigation,  Dr.  R  Konig  kindly 
communicated  to  me  that  Mr.  Alfred  Mayer  in  New  York 
[Hoboken]  had  previously  succeeded  in  producing  continuous 
rotation  by  means  of  sound.  The  communication  was  as 
follows:  "Professor  A.  M.  Mayer  showed  me  a  very  similar 
experiment  last  summer  (1876).  He  suspended  by  a  thread 
two  large  well-tuned  flasks  attached  to  a  rod,  and  caused  the 
whole  apparatus  to  revolve  by  means  of  a  tuning  fork.  I 
informea  him  In  consequence  that  you  had  previously  demon- 
strated the  phenomena  of  repulsion  in  resonators,  for  he  was 
not  acquainted  with  your  paper*  on  acoustic  attraction  and 
repulsion." 

Note  by  Professor  Alfred  M.  Mayer. — My  connection 
with  the  discovery  of  the  Sound-Mill  is  as  follows: 

In  January,  1876,  I  made  the  discovery — first  reached  by 
theoretic  deductions — that  there  was  more  pressure  on  the 
inner  surface  of  the  bottom  of  a  resounding  cavity  than  on 
the  outer  surface  of  the  bottom  which  touches  the  outer  air. 
I  subsequently  proved  the  truth  of  this  conclusion  by  experi- 
ments on  suspended  resonators  and  by  observations  on  the 

^  Read  before  the  R.  Acad.  Sci.,  Vienna  in  1875. 
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motions  of  precipitated  silica  powder  and  films  of  soap-bubbles 
placed  at  various  points  in  resonators  of  difierent  forms.  My 
nrst  publication  of  these  results  was  on  May  22d,  1876,  on 
which  day  I  read  a  paper  on  this  discovery  before  the  New 
York  Academy  of  Sciences,  and  exhibited  biefore  the  membere 
an  apparatus  formed  of  two  +  arms  of  light  wood,  with  a 
resonator  attached  to  each  arm,  as  in  fig.  8  of  Professor 
Dvorak's  paper.  On  soundinff  an  organ-pipe,  or  a  fork  on 
its  resonant  box,  in  tune  with  these  resonators,  they  were 
successively  repelled  from  the  pipe,  or  fork,  and  a  continuous 
rotation  was  exhibited.  At  the  same  meeting  this  experiment 
was  preceded  by  those  on  the  motions  of  silica  powder,  eta, 
in  resonators. 

On  the  8th  of  July,  1876,  there  appeared  in  the  Scientific 
American  a  report  of  this  meeting  of  the  Academy,  in  which 
my  experiments  in  Acoustic  Eepulsion  are  thus  referred  to : 

"  In  the  next  place,  Professor  Mayer  exhibited  an  apparatus 
constructed  by  him  to  produce  motion  by  means  of  sound 
pulses.  Four  glass  resonators  on  cross  arms  were  suspended 
Dy  means  of  a  string.  On  sounding  an  organ-pipe  in  tune 
with  the  resonators,  and  bringing  it  opposite  tne  mouth  of  one 
of  them,  the  resonator  was  repelled  and  the  apparatus  com- 
menced to  rotate.  This  experiment  was  the  more  striking 
from  the  fact  that,  so  far  from  any  current  of  air  proceedinj 
out  of  the  mouth  of  the  organ -pipe,  the  air  is  actually  suck< 
in,  as  may  be  rendered  visible  oy  means  of  smoke  from  a 
cigar.  The  smoke  is  carried  up  the  pipe  even  when  the  latter 
is  closed  at  the  top  with  cotton  wool  so  as  to  smother  the 
sound.  On  substituting  disks  of  cardboard  for  the  resonators, 
they  were  drawn  up  to  the  mouth  of  the  organ-pipe  with  con- 
siderable force.  When  fine  silica  powder  was  placed  in  the 
resonators,  it  was  thrown  into  violent  motion  on  sounding  the 
pipe. 

In  the  same  month,  July,  1876,  Dr.  Rudolph  Kdnig  visited 
me,  and  I  exhibited  the  same  experiments  before  him. 

The  discovery  of  the  acoustic  repulsion  of  resonators  and 
the  invention  of  the  sound-mill  were  made  independently  by 
Professor  Dvorak  and  myself.  It  is  another  instance  of  men — 
even  so  far  distant  as  Agram  and  Hoboken — ^led  into  the  same 
path  of  research  by  the  natural  growth  of  science. 

Dimensions  of  the  resonators  and  reaction-wheels  used,  in 
millimeters :  (1)  Fork  0,  of  128  vibrations.  Glass  resonator  of 
form  E,  fig.  1,  a  J,  equals  90 ;  hi  26;  hk  20;  i/88,  fg  8.  Its 
weight,  together  with  its  leaded  counterpoise,  was  70  grams. 

(2)  Fork  A,  435  (vibrations  per  second),  (a.)  The  glass 
resonator  used  in  the  experiment  represented  in  fig.  2,  and  to 
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show  the  current  of  air  by  means  of  smoke,  was  of  the  form  D, 
fig.  1.  a  6,  equalled  58,  A/ 22  ;  fg  10.  (i.)  The  glass  resona- 
tors of  the  acoustic  mill  were  of  the  form  D.  ab  ecjuals  S4t]  hf 
^^\  f  9  3.  The  length  of  the  arms  from  the  middle  of  the 
glass  caps  to  the  middle  of  the  resonator  was  62  millimeters. 
The  weiffht  of  the  whole  wheel  was  23  grams,  (c.)  Paper  reso- 
nators of  the  acoustic  mill,  fig.  8,  were  of  the  form  A,  fig.  1. 
a  h  equals  84;  erf 50;  h/6;fg  9  millimeters.  The  length  of 
the  arms  was  65 :  the  weight  of  the  whole  wheel  9  grams. 

(8.)  Kundt's  tube,  -  equals  105  millimeters.  The  glass  reso- 
nators of  the  acoustic  mill  were  of  the  form  D,  fig.  1.  ab  equals 
24 ;  A/2 ;  fg  7 ;  length  of  the  arms  30  millimeters. 

It  is  a  striking  fact  that  very  small  resonators  may  give  a 
very  deep  note ;  with  fork  A,  I  used  a  glass  resonator  of  the 
form  D,  nff.  1,  in  which  a  b  equals  24;  A/ 14;  and/^,  1  milli- 
meter. Tne  volume  was  about  ninety  times  less  than  that  of 
the  resonant  box  of  the  fork,  to  whose  note  the  resonator  was 
tuned.  Notwithstanding  its  smallness  it  showed  acoustic 
repulsion. 


Abt.  in. — On  certain  artificial  crystals  of  Oold  and  Oold 
Amalgam ;  by  Albert  H.  Chester. 

In  casting  bars  of  pure  gold  for  the  manufacture  of  foil, 
traces  of  crystallization  may  often  be  observed  upon  their 
upper  surfaces,  and  sometimes  distinct  crystalline  forms.  These 
are  generally  simple  triangular  faces  slightly  raised,  very  similar 
in  appearance  to  specimens  sometimes  found  in  nature.  Occa- 
sionally several  faces  of  the  octahedron  may  be  seen,  the  edge 
in  some  instances  being  half  an  inch  in  length,  and  quite  sharp 
and  well  defined.  The  purer  the  gold  is,  the  more  likely  the 
crystals  are  to  form,  and  they  are  oftenest  seen  when  the  bars 
are  cast  from  that  which  has  been  previously  crystallized  by 
the  battery  process  described  below.  The  presence  of  a  very 
small  amount  of  copper  seems  to  prevent  it  entirely,  and  the 
surface  of  the  bar  is  quite  smooth.  It  is  perhaps  worthy  of 
notice  that  the  forms  observed  are  always  triangular  and  never 
hexagonal,  as  is  so  frequentl}'  the  case  with  natural  crystals  of 

fold.  They  do  not  seem  to  be  distorted  or  flattened  at  all. 
Teither  do  the  dendritic  forms  so  common  in  nature  and  now 
quite  easily  obtained  artificially,  appear  on  the  surface  of  the 
bars. 

The  precipitation  of  gold  from  solution  by  the  aid  of  a 
battery  is  a  well  known  process  in  the  common  operation  of 
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electro-gilding,  bat  to  deposit  it  in  the  crystalline  form  n  a 
process  of  comparatively  recent  date,  having  been  patented  in 
1860,  as  a  method  of  preparing  gold  for  dental  purposes.  The 
process  \n  briefly  aa  follows.  A  solution  of  cdlonde  of  gold 
and  ammonium  is  placed  in  a  shallow  dish  coated  with  heavy 
gold  foil,  which  is  connected  with  the  zinc  plate  of  a  lai^ 
Daniells'  battery.  Near  the  top  of  the  solution  and  connected 
with  the  copper  plate  of  the  battery,  a  roll  made  up  of  thin 
strips  of  pure  gold  is  suspended,  enclosed  in  a  muslin  bag. 
The  strength  of  the  battery  current  is  controlled  by  a  coil  of 
wire  arranged  as  a  rheostat,  a  clamp  terminating  one  of  the 
battery  wirea  enabling  the  operator  to  include  a  greater  or  lees 
number  of  coils  in  the  circuit  The  necessary  conditions  being 
fulfilled,  on  completing  the  circuit  the  gold  is  gradnally  dis- 
solved from  the  roll  and  deposited  on  the  bottom  of  the  dish 
in  bright  crystalline  flakes,  having  the  appearance  of  feathers  or 
fern  leaves  when  examined  under  the  microscope.  Fig.  1 
shows  one  of  these  crystals  magnified  one  hundred 
and  fifty  diameters.  At  first  sight  this  appears  to  be 
like  certain  natural  crystals  occasionally  fonnd,  and 
the  arborescent  forma  of  other  isometric  minerals. 
But  all  snch  crystals  that  I  have  seen  have  invariably 
the  angle  of  60  between  the  side  ribs  and  the  midrib, 
making  an  angle  of  120°  between  the  two  sets  of  rib& 
Gold,  silver  and  copper  all  show  this  characteristic, 
which  is  particularly  well  illustrated  in  the  crystals 
described  by  Professor  "Vera  Rath  in  the  last  volume 
of  Groth's  Zeitschrift  fijr  Krystallographie.  It  is 
quite  difficult  in  the  ease  of  these  artificial  crystals  to 
measure  their  angles,  because  the  midrib  ia  usually  more  or  less 
curved,  and  the  whole  form  presents  great  irregularities.  It 
can  only  be  done  approximately  for  a  single 
crystal,  but  by  making  a  large  number  of 
measurements  this  difficulty  may  be  in  part 
overcome.  The  figure  above  shows  a  crystal 
mach  like  the  natural  ones,  the  angle  on  the 
left  of  the  midrib  being  about  59°  and  on  the 
other  side  61°.  This  is  an  unusually  regular 
one,  though  I  have  noticed  one  still  more  so, 
I  the  angles  of  which  measure  respectively  60° 
86'  and  62°  6'.  Fig.  2  represents  a  crystal 
such  aa  is  most  often  seen,  where  the  angle 
on  one  side  is  41°  and  on  the  other  79**.  The 
average  of  fifty  measurements  of  these  crys- 
tals taken  at  random  is  on  one  aide  44°  88' 
and  on  the  other  76°  47',  Nineteen  measurements  made  at 
another  time  made  the  two  angles  42°  18'  and  78°  24'.     The 
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smallest  angle  noticed  was  80®  86'.  The  following  table  of  sev- 
eral consecutive  measurements  shows  how  wide  the  variation 
is,  the  last  column  giving  the  total  angle  between  the  sets  of 
rib& 

80^86'  89^30'  120^6' 

41**  64'  78°  18'  120**  12' 

46**  48'  73°  48'  120*"  36' 

85°  36'  84°  24'  120°  0' 

53°  42'  64°  48'  118°  30' 

49°  0'  73°  36'  122°  36' 

38°  0'  81°  6'  119°  6' 

49°  42'  69°  54'  119°  36' 

It  is  noticeable  that  the  same  angles  are  carried  out  in  each 
crystal,  no  matter  how  many  branches  it  may  have,  and  the 
crystal  shown  in  fig.  2  was  selected  to  illustrate  this  fact. 

I  have  been  quite  surprised  that  no  trace  of  faces  is  to  be 
observed  upon  these  crystals,  as  is  always  the  case  with  natural 
ones.  The  latter  are  seen  under  a  low  power  to  be  made  up  of 
strings  of  distorted  isometric  crystals  which  are  often  so  dis- 
tinct that  they  can  be  measured.  The  artificial  ones  do  not 
show  this  structure,  and  when  magnified  to  800  diameters  only 
show  a  slightly  beaded  look  along  the  side  ribs,  but  nothing  that 
can  be  considered  distinct  crystalline  forms.  With  the  power 
mentioned  the  whole  surface  of  each  crystal  is  in  focus  at  once, 
showing  that  the  different  sets  of  ribs  are  in  the  same  plane. 
Fig.  2,  with  all  its  branches,  was  drawn  complete  without  alter- 
ing the  focus  of  the  instrument  Where  one  crystal  lies  upon 
another,  when  examined  under  a  power  of  150  diameters,  both 
are  in  focus  at  once,  showing  that  they  are  exceedingly  thin 
and  lie  perfectly  flat.  The  power  above  mentioned,  800  diame- 
ters, is  the  highest  with  which  I  have  examined  them.  Possi- 
blv  with  a  higher  power  they  might  be  resolved,  and  show 
what  is  their  crystalline  form.  That  they  are  isometric  there 
is  no  doubt 

If  a  film  of  amalgam  is  allowed  to  form  on  the  surface  of  a 
piece  of  pure  gold,  and  the  mercury  be  then  driven  off  by 
neat,  traces  of  crystallization  may  sometimes  be  observed,  a 
network  of  indistinct  crystals  remaining.  To  accomplish  this 
the  gold  should  be  perfectly  pure,  ana  the  heat  applied  very 
gentfy  at  first  With  the  greatest  pains,  however,  the  result  is 
not  idways,  or  even  often,  satisfactory.  The  surface  is  gener- 
ally left  in  an  amorphous  condition,  or  at  best  coverea  with 
an^lar  depressions.  Very  rarely,  and  under  conditions  not 
fally  understood,  the  crystallization  is  distinct  enough  to  be 
recognized  as  such.  But  distinct  though  minute  crystals  of 
gold  amalgam  may  easily  be  obtained  if  the  mercury  is  dis- 
solved out  with  dilute  nitric  acid,  instead  of  being  driven  oflF  by 
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ration raising  it  ti»  boiling.  The  mass  left 
nri  i'Sd^i'lve*!  o>nsists  of  minate  crystals  re- 
fiembl ing  go.d  in  color,  bu:  a  litlle  darker 
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'rr,ry.  w^icrj  may  he  driven  off  without  injuring  the  crystals  by 
h'r^t-  r  j(  th'rm  for  a  short  time  to  a  dull  re»i.  The  mass  will  then 
tAk*:  tff'5  ^v/lor  of  pure  gold,  becoming  somewhat  spongy,  and 
i'/«i^  'rtitireiy  ite  'oritt'e  character.  This  process  was  patented 
ifi  1>5.%.  and  used  for  some  time  in  the  preparation  of  gold  for 
filling  Vir^rth,  making  what  was  called  sponge  or  crystal  gold. 

HmuOWd  CcJk««,  Aprfl  4th.  1879. 
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Abt.  IV. — On  a  neio  and  remarkable  mineral  locality  in  Fairfield 
Qmntyj  Connect/cut;  with  a  description  of  several  new  species 
occurring  there;  by  George  J.  jBrush  and  Edward  S* 
Daka.     First  Paper. 

SistoriccU  Note. 

The  new  locality  of  manganesian  phosphates,  which  we 
shall  describe  in  this  and  following  papers,  is  situated  near  the 
village  of  Branch ville,  in  the  town  of  Kedding,  Fairfield  County, 
Connecticut  Its  remarkable  character  will  be  evident  from  the 
statement  that  we  have  thus  far  discovered,  among  the  material 
which  we  have  obtained  from  there,  no  less  than  six  new  and 
well  defined  species,  besides  many  other  known  species  of  more 
or  less  rarity. 

The  locality  was  first  opened  some  two  years  since  by  Mr. 
A,  N.  FiUow,  upon  whose  land  it  is  situated,  and  who  made 
considerable  excavations  in  the  search  for  mica  of  commercial 
valua  Only  a  limited  quantity  of  this  was  obtained,  so  that 
the  work  was  finally  discontinued  and  the  opening  filled  up ; 
by  which  means  the  ledge  was  buried  under  six  to  eight  feet  of 
soil.  With  most  commendable  thoughtfulness,  however,  he 
laid  aside  and  preserved  a  large  number  of  specimens  which 
seemed  to  him  to  be  of  some  interest.  In  the  latter  part  of  the 
summer  of  1877,  Prof  Dana  visited  the  region  ana  his  atten- 
tion was  called  by  Mr.  Fillow  to  the  collection  of  minerals 
mentioned,  and  by  him  several  specimens  were  brought  to  New 
Haven.  Later,  Kev.  John  Dickinson  of  Bedding,  the  adjoining 
village,  happened  to  visit  the  locality  and  obtained  a  considera- 
ble amount  of  the  minerals,  some  of  which  he  sent  to  New 
Haven  for  determination.  It  was  not,  however,  until  the  early 
roring  of  the  present  year  that  we  were  able  personally  to  visit 
tne  locality.  Appreciating  then  the  unusual  interest  con- 
nected with  it,  we  immediately  made  arrangements  with  Mr. 
FiUow  to  uncover  the  ledge  and  to  go  forward  with  the  explo- 
ration as  thoroughly  as  possibla  We  have  now  pushed  the 
matter  as  far  as  is  practicable  for  the  present,  but  later  in  the 
season  we  hope  to  accomplish  mora  The  result  of  our  work 
has  been  to  place  in  our  hands  a  large  amount  of  material,  in 
the  examination  of  which  we  are  at  present  engaged,  and  we 
are  now  ready  to  make  public*  a  portion  of  the  results.  In 
addition  to  the  material  we  have  personally  obtained,  we  have, 
fhrouffh  the  liberality  of  Mr.  Dickinson,  come  into  the  posses- 
sion OT  a  large  number  of  additional  specimens  collected  by 

*  Short  notioeB  of  the  new  species  eoflphorite,  triploidite,  dickinsonite,  and 
Isthiophflite  (by  mistake  printed  IWiiolUe)  were  published  on  pp.  398,  481,  of  the 
pceoeaing  Toliime. 
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himself  before  our  first  visits  to  Branchville.  These  have 
been  of  the  greatest  service  to  us  in  the  study  of  the  species 
occurring  at  the  locality,  and  we  would  here  express  our  great 
appreciation  of  his  generosity.  We  would  also  mention  our 
oDiigations  to  Mr.  Fillow  and  his  brother,  who  have  been  most 
careful  in  obtaining  the  best  results  possible  in  the  explorations 
of  which  they  have  taken  charge. 

Brief  general  deeeripHon. 

All  the  minerals  which  we  have  obtained  are  from  a  single 
vein  of  albitic  granite,  and  the  line  along  which  the  explora- 
tions have  been  carried  does  not  exceed  twenty  feet  The 
general  description  of  the  vein  and  of  the  minerals  which  com- 
pose it — with  the  exception  of  the  manganesian  phosphates 
and  the  immediately  associated  species — we  reserve  for  a  later 
paper;  we  will  mention,  however,  that  outside  of  these  we 
nave  identified  the  following  species : — 

Albite,  quartz,  microcline  in  large  masses,  a  hydro-mica  near 
damourite  having  a  peculiar  concentric  spherical  structure, 
sppdumene  in  crystals  weighing  one  to  two  hundred  pounds, 
cymatolite  as  a  result  of  the  decomposition  of  spodumene 
crystals,  sometimes  nine  inches  in  widtn,  apatite,  microlite  (ap. 
gr.=6\  columbite  (sp.  gr.=6*6),  apatite,  garnet,  tourmaline  and 
staurolite. 

The  manganesian  phosphates  and  related  minerals  occur  in 
nests  imbedded  in  the  albite.  A  single  deposit  yielded  almost 
all  the  material  obtained,  it  being  probable  that  what  came  out 
as  the  result  of  our  work  was  a  part  of  the  same  body  of  mine- 
rals which  Mr.  Fillow  had  blasted  into  two  jears  before.  A 
second  deposit  will  be  mentioned  later  as  havmg  furnished  the 
lithiophilite. 

The  minerals  which  form  the  mass  of  the  first  mentioned 
bed  are  : — Eosphorite,  dickinsonite,  triploidite  and  rhodochro- 
site.  Of  these,  the  first  three  are  new  and  are  described  at 
length  in  this  paper.  These  four  minerals,  together  with 
quartz,  occur  associated  in  the  most  intimate  manner  possible, 
it  being  not  at  all  unusual  to  find  all  of  them  in  a  single  hand 
specimen.  This  is  especially  true  of  the  three  new  minerals : 
tne  eosphorite  is  often  found  in  crystals  entirely  imbedded  in 
the  dickinsonite,  and  again  the  finely  disseminated  plates  of 
dickinsonite  give  a  green  color  to  much  of  the  massive 
eosphorite.  Quartz  is  also  contained  in  much  of  the  massive 
eosphorite,  thus  giving  it  a  very  anomalous  appearance  ;  it  also 
forms  the  mass  in  wnich  the  triploidite  crystals  are  imbed- 
ded— both  these  points  are  spoken  of  more  particularly  later. 
Quartz  is  also  often  associated  with  the  rhodochrosite,  that 
mineral  being  disseminated  in  crystalline  grains  through  the 
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quartz,  in  which  oooasional  brilliant  cubes  of  pjrite  are  also 
imbedded. 

In  addition  to  the  above  minerals,  as  original  constituents  of 
the  same  deposit,  are  ambljgonite  (hebronite),  and  a  phosphate 
of  manganese  isomorphous  with  scorodite  which  we  shall  de- 
scribe under  the  name  reddingite.  As  secondary  products  we 
have  apatite  and  quartz  coating  together  crystals  oi  eosphorite, 
vivianite  in  thin  layers  and  crystals,  besides  other  species, 
which  as  yet,  owing  to  lack  of  sufficient  material  for  examina- 
tion, we  have  been  unable  to  determine. 

Furthermore,  there  are  a  variety  of  alteration  products :  each 
one  of  the  manganesian  phosphates  yields  on  alteration  a  black 
or  purple  phosphate  of  manganese  and  iron  sesquioxides,  and 
the  rhodocnrosite  gives  a  pseudomorph  of  hydrated  oxidea 

The  second  smaller  nest  discovered  consisted  almost  exclu- 
sively of  lithiophilita  Of  the  previously  mentioned  minerals 
rhodochrosite  is  the  only  one  we  have  observed  with  it,  and  that 
occurs  very  sparingly.  In  addition,  however,  a  peculiar  green 
manganiferous  apatite,  spodumene  and  cymatolite  are  intimately 
associated  with  the  lithiophilite,  besides  the  black  phosphate 
produced  from  its  oxidation,  and  occasional  crystals  of  uraninite 
and  both  green  and  yellow  hydrated  phosphates  of  uranium. 

From  the  large  amount  of  black  oxidis^ed  material,  rich  in 
lithia,  found  with  the  first  deposit  it  is  probable  that  lithiophilite, 
or  some  other  similar  mineral  of  the  tnphylite  group,  formed  one 
of  the  original  constituents  of  that  mass.  In  &ct  it  was  the  dis- 
coverjr  of  lithia  in  the  black  product  of  decomposition,  and  its  ab- 
sence in  eosphorite,  triploidite  and  dickinsonite,  which  led  us  to 
make  further  search  for  the  source  of  this  alkali.  Fortunately, 
in  the  deepest  part  of  our  explorations  in  the  vein  we  struck  a 
small  nest  which  afforded   us   the    fresh   unaltered  mineral. 

We  wish  here  to  express  our  great  obligations  to  Messrs. 
Samuel  L.  Penfield  and  Horace  L.  Wells  of  the  Sheffield  Labo- 
ratory, for  the  excellent  analvses  which  their  enthusiastic  devo- 
tion to  the  work  has  enablea  us  to  present  in  this  paper.  The 
carrying  through  of  these  analyses  has  involved  in  many  cases 
more  than  usual  difficulty,  ana  we  appreciate  fully  to  what  an 
extent  the  value  of  this  article  is  dependent  upon  the  skill  and 
patient  care  with  which  these  difficulties  have  been  overcome. 

1.   EoSPHOBTrE. 

General  physical  characters, — Eosphorite  occurs  in  prismatic 
crystals,  sometimes  of  considerable  size,  which  belong  to  the 
orthorhambic  system.  They  show  a  nearly  perfect  macrooiagonal 
deavage.  It  also  and  more  commonly  occurs  massive,  some 
flpecimens  showing  the  cleavage  finely,  but  graduating  into 
others  which  are  closely  compact    The  hardness  is  5.    For  the 
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specific  gravity,  tbree  perfectl;  pure  rose-colored  specimens 
gave  8124,  8184  and  8*145;  mean  3-184  The  loster  of  crya- 
tallized  specimens  is  vitreous  to  sub-resinous,  upon  cleavi^^ 
surfaces  exceedingly  brilliant;  of  the  maasive  mineral  often 
greaay.  The  color  of  the  crystals  is  piok,  some  having  the 
bright  shade  common  in  rose-quartz,  while  others  are  paler  and 
have  a  yellow  to  gray  hue ;  the  smallest  crystals  are  nearty 
colorless.  The  massive  compact  mineral  is  pale  pink,  alao 
grayish-,  bluish-,  and  yeltowiah -white,  and  whit&  Some  vari- 
eties oloeely  resemble  in  color  and  Inster  green  elaeolite;  the 
green  color,  however,  is  shown  by  the  examination  of  tliin  sec- 
tions nnder  the  microscope  to  be  due  to  finely-disseminated 
scales  of  diokinsonite.  Some  varieties  again  are  rendered 
impure  by  the  presence  of  quartz  through  the  mass,  and  they 
then  have  a  whitish  color  and  granular  texture;  this  subject 
is  expanded  in  a  later  paragraph. 

The  mineral  is  transparent  to  translucent  The  streak  is 
nearly  white,  and  the  fracture  uneven  to  subconchoidal. 

DtKriptioH  of  cryatala. — Specimens  of  crystallized  eosphorite 
are  rara  The  most  of  those  obtained  seem  to  have  come  from 
a  single  cavity,  the  crystals  standing  free,  and  projecting  to  some 
length.    Again  they  are  found  completely  imoedded,  as,  for  in- 
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Stance,  in  dickinsonite.  These  crystals  are  in  general  small ;  but 
occasionally  imperfect  crystals  of  a  considerable  size  are  met 
with,  one  of  these  exposes  a  width  of  about  an  inch,  and  is  two 
inches  long;  in  another,  a  single  plane  has  a  width  of  nearly 
two  inches.  The  planes  are  seldom  well  iwliahed,  and  only  in 
rare  cases  are  exact  measurements  obtainable.  This  is  due  in 
part  to  the  fact  that  the  surfaces  of  the  crystals  are  often  coated 
with  drusy  quartz,  and  again  with  minute  crystals  of  apatite, 
and  also  because  the  prismatic  planes  almost  always,  and  the 
pyramidal  planes  very  commonly,  are  finely  Blriated.  This 
Btriation  of  the  prismatic  planes  is  a  marked  characlerisiic  and 
gives  rise  to  rounded  barrel-shaped  crystals  analogous  to  those 
observed  of  tourmaline  and  many  other  species. 
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The  ciystals  are  invariably  prismatic  in  habit,  and  show  but 
one  terminated  extremity ;  in  this  respect  the^  differ  from  the 
ordinary  childrenite  of  Tavistock,  to  which  it  will  be  shown 
they  are  closely  related.     The  general  form  is  shown  in  fig.  1. 

The  crystallo^phic  measurements  and  also  the  optical  exam- 
ination prove  that  the  crystals  belong  to  the  orthorhombic 

STSTBM. 

The  fundamental  angles  were  obtained  from  measurements 
on  a  small  crystal  whose  pyramidal  planes  gave  excellent  reflec- 
tions. The  mean  of  a  considerable  number  of  readings,  whose 
extremes  differed  by  only  1^^  was  taken  in  each  case.  A 
goniometer  provided  with  two  telescopes  was  always  employed. 

These  angles*  are  as  follows  : — 

p^p'mWl  A  Ill=r46''2r45'' 
j»>sp'or  111  A  111=61'    I'W 

From  these  the  following  axial  ratio  is  obtained  : — 

e(yert)  h  d 

0-66299  l-28t32         100000 

The  observed  planes  are  as  follows : 

a  i-l  lOOf  p  I  111 

b  i'X  010  q  f.f  232 

7/110  «  2-2  121 
g          t-2            120 

The  following  is  a  list  of  the  most  important  angles  both 
calculated  and  measured,  so  far  as  the  last  have  any  value. 
The  angles  obtained  from  the  prismatic  planes  in  general,  and 
conspicuously  the  macropinacoid  a  (100)  were  in  most  cases 
entirely  unreliable. 


CalcnUted. 

I^I 

110  A  110 

^ 

76'  4r 

9^9 

120  A  120 

:= 

114"  28' 

a^I 

100  A  110 

r:: 

37*  60' 

a^g 

100  A  120 

r^ 

57"  U' 

h^I 

010  A  110 

=r 

62*  lO' 

b^g 

010  A  120 

=: 

32"  46' 

a^p 

100  A  111 

=r 

69*29' 

a^q 

100  A  232 

=1 

62*  19' 

a^8 

100  ^ 121 

IZI 

66*  13' 

b^p 

010  A  111 

:= 

66*46' 

b^q 

010  .s  232 

^ 

67*  13' 

75*  36' 


62*  12' 


*  The  Bapplement  angles,  that  is,  the  angles  between  the  normals  of  the  planes, 
are  in  an  oases  given. 

f  In  making  £be  shorter  lateral  axis  a,  and  gpnng  the  symbol  1 00  to  the  macro- 
pinaeoid,  and  010  to  the  brachypinaooid,  we  follow  Groth's  Zeitschrift  fiir  Krys- 
taOographie.  With  Miller  (whose  method  is  adopted  m  Dana's  Text-Book  of 
Mineralogy)  the  reverse  is  true. 
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Cftlenlftted. 
h^$  010^121     =     49"  21' 

I^p  110^111     =     4^69',  49' 66' 

g^8  120^121     =     39M3'' 

p^j/  111  A  111     =  •46*/28'  46*  28' 

q^q'  232^232     =     66**  33' 

8^$"  121^121   =    sris' 

p^p'  111  A  ill   =  ♦er  2'  sr  v 

q^f  232^232  =     56"  22' 

$^$'  121^121  =     49*34'                49*39' 

PaI/^  111  >s  111  =     80*    2'                80*    0' 

q^^"  232^232  =     91*    1' 

«^#"^  121^121  =±   101*33' 

p^$  111^121  =     17*25'                17*18' 

Eosphorite  is  in  crystalline  form  closely  homoeomorpbous 
with  cbildrenite.  Pig.  2  represents  the  common  form  of  the 
childrenite  from  Hebron,  Maine,*  as  we  have  found  from  an 
examination  of  the  specimens  in  New  Haven.  The  crystals 
are  sometimes  terminated  at  both  extremities  as  here  repre- 
sented. It  is  placed  in  such  a  position  as  to  correspond  with 
the  eosphorite,  the  pyramid  s  being  identical  in  the  two,  as  are 
also  the  prisms.  Fig.  8  shows  a  common  form  of  the  Tavistock 
crystals ;  .other  crystals  have  the  plane  b  present  and  resemble 
fig.  2  more  closelv  in  habit.  The  angles  given  below  show  the 
close  relation  in  form  between  childrenite  and  eosphorite. 


Eofpliorlte. 

Cbildrenite. 

Childrenite. 

Cblldfftnlte. 

T«Tlstock  (Cooke.) 

Hebron  (Cooke.) 

TATlstock  (Bfiller.) 

I^J 

76"  41' 

76*^  24' 

74*  20' 

,      76*  46' 

8^.8" 

81°  18' 

81*  20' 

80*  38' 

82°    8' 

8^8' 

49*  34' 

49*  60' 

60*  36' 

49*  56' 

8^8"' 

101*  33' 

101*  43' 

101'  36' 

102*  41' 

In  order  to  bring  the  crystals  of  childrenite  into  this  posi- 
tion the  clinodome  (2-i,  or  n  of  Miller)  is  made  the  unit  prism. 

Optical  properties, — A  careful  examination  in  the  stauroscope 
proved  that  the  three  axes  of  elasticity  coincide  with  the  crys- 
talline axes,  showing  that  the  crystals  are  really  orthorhombic. 
The  optic  axes  lie  in  the  macrodiagonal  section,  or  plane  of 
cleavage,  the  acute  bisectrix  (first  mean-line)  being  normal  to 
the  brachypinacoid,  and  the  obtuse  bisectrix  consecj^uently  to 
the  basal  plane.  The  axial  angle  could  not  be  obtained  with 
very  great  accuracy,  owing  to  the  fact  that  the  best  sections 
left  much  to  be  desired  in  the  way  of  clearness.  The  measure- 
ments gave : — 

2E   =  54°     30'        red  rays. 
=  60°     30  blue  rays. 

The  dispersion  of  the  axes  is  strong,  v>p;  the  character  of 
the  double-refraction  is  negative. 

•This  Journ.,  11,  xxxvi,  267,  268. 
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An  examination  of  a  parallelopided  cat  with  its  edges  par- 
allel to  the  three  axes  of  elasticity  (crystalline  axes)  showed  a 
very  distinct  trichroism.     The  axial  colors  are  as  follows : 

F6r  Tibr»ti(ND8  parallel  to  x    (that  ia  b)    jellowiah. 

h    (thatiad)    deep  pink, 
c    (that  ia  c  (Tert))    laint  pink  to  nearly  colorleaa. 

Otemtcal  comvositum. — The  finest  of  the  pink  crystals  were 
nsed  for  the  cneiuical  examination  of  eosphorite,  which  was 
made  by  Mr.  Samuel  L.  Penfield,  assistant  in  the  Sheffield 
Laboratory.  A  qualitative  analysis  having  shown  the  presence 
of  alumina,  protoxides  of  iron  and  manganese,  lime,  soaa,  phos- 
phoric acid  and  water,  the  following  method  was  employed  in 
the  quantitative  separation  of  the  constituents.  The  total 
phosphoric  acid  was  determined  by  means  of  ammonium 
molybdate.  To  determine  the  bases,  one  gram  of  the  mineral 
was  fused  with  sodium  carbonate,  the  fused  mass  soaked  out 
in  water  and  the  solution  filtered  from  the  residue  of  oxides  of 
iron  and  manganese.  Most  of  the  alumina  went  into  solution 
with  the  sodium  phosphate.  The  residue  of  oxides  of  iron 
and  manganese  was  dissolved  in  hydrochloric  acid  and  the 
iron  separated  from  the  manganese  by  means  of  a  basic  ace- 
tate precipitation.  To  insure  the  complete  separation  of  the 
alumma  from  the  iron,  the  precipitate  of  basic  acetate  of  iron 
was  boiled  with  sodium  hydroxide,  the  solution  filtered  off 
and  added  to  the  solution  from  the  fusion,  the  oxide  of  iron 
was  then  dissolved  in  hydrochloric  acid,  the  iron  precipitated 
with  ammonia  and  weighed  as  iron  sesquioxide.  The  iron  was 
then  dissolved  in  hydrochloric  acid,  evaporated  with  nitric  acid 
and  ammonium  molybdate  added  to  precipitate  any  phosphoric 
acid  which  might  not  have  been  separated  by  the  sodium  car- 
bonate fusion.  In  this  case  there  was  a  complete  separation. 
From  the  filtrate  from  the  basic  acetate  precipitation,  manga- 
nese was  precipitated  by  means  of  bromine,  the  precipitate  dis- 
solved in  hydrochloric  acid,  the  manganese  agam  precipitated 
as  ammonio-manganese  phosphate  and  weighed  as  pyrophos- 

1)hate.  From  the  filtrates  from  the  precipitation  by  bromine, 
ime  was  thrown  down  as  oxalate.  The  solutions  containing 
the  alumina  were  acidified  with  hydrochloric  acid,  boiled  to 
expel  carbonic  acid,  and  aluminum  phosphate  precipitated 
by  means  of  ammonia;  the  precipitate  was  filtered,  washed,  dis- 
solved and  asain  precipitated  and  weighed  as  aluminum  phos- 
phate. As  this  precipitate  is  not  constant  in  composition,  after 
weighing,  it  was  dissolved  in  nitric  acid  and  the  phosphoric 
acid  separated  by  means  of  ammonium  molybdate.  The  phos- 
phoric acid  was  determined  and  deducted  from  the  weight  of 
the  aluminum  phosphate. 
The  sodium  was  determined  by  precipitating  the  bases  from 
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an  acid  solution  by  means  of  ammonium  carbonate,  evaporat- 
ing the  filtrate  to  dryness,  igniting  to  drive  otf  ammonium 
salts.  The  residue  was  taken  up  in  water,  barium  hydroxide 
added  to  precipitate  any  phosphoric  acid  or  manganese  which 
might  have  remained  in  solution,  the  excess  of  barium  sepa* 
rated  and  the  sodium  weighed  as  sodium  chloride.  Care  was 
taken  to  carry  on  the  evaporations  in  platinum  and  avoid 
contact  with  ^lass  as  mucn  as  possible.  Water  was  deter- 
mined by  ignitmg  in  a  Bohemian  ^lass  tube  in  a  gas  furnace, 
the  water  being  collected  in  a  chloride  of  calcium  tube. 
Two  analyses  gave : 


BeUttve  nomber  of  atomt  eaiealstcd 

i. 

IL 

Mean. 

from  the  mean. 

P,0, 

31-10 

30-99 

31-05 

-219 

1- 

1- 

:^10, 

21-99 

22-40 

22-19 

•216 

-99 

V 

FW) 

7-42 

7-39 

7-40 

•103^ 

MnO 
CaO 

23-47 
•54 

23-56 
•64 

23-51 
-54 

•^3^   .449 
-010  f  **** 

2-05 

2- 

Na,0 

•33 

•33 

•33 

•005 

H,0 

15-66 

15-54 

15-60 

•866 

3-96 

4- 

100-51   100-75     100*62 

Tbe  ratio  P,0, :  AlO, :  RO  :  H,0=1 : 1 :  2 : 4  corresponds  to 
the  empirical  formula  R,AlPjO,  <,,  4H3O,  which  may  oe  writ- 
ten Alr,Og+2tl,RO,4-2aq.  The  analogy  in  the  composi- 
tion of  eosphorite  to  that  of  childrenite  suggests,  however, 
that  the  better  way  of  writing  the  formula  is : 


iAip:o:+iH:Aid.+^^^- 


In  the  formula  R  corresponds  to  Mn  and  Fe  with  small  quan- 
tities of  Ca  and  Na, ;  the  ratio^for  Mn  :  Fe-f  Ca4-Na,=3  :1, 
and  for  Mn:Fe=lO:8;  for  the  last  ratio  the  above  formula 


uires: — 

Boiphorlte. 

Childrenite,  analysed 

Childrenite,  analyzed 

CalcalAted  froin  the  formaU. 

by  Rammelsberg. 

by  Church. 

P.0« 

30-93 

28-92 

30-65 

AlOj 

22-35 

14-44 

16-85 

FeO 

7-24 

30-68 

FeO^  3-51 
Fe02  3  46 

MdO 

23-80 

9-07 

7-74 

MgO 

014 

1-03 

H,0 

15-68 

16-98 

17-10 

100-00  G.=3-134    100-23  G.  =  3-247      9933  G.  =  3-22 

The  identity  between  tbe  crystalline  form  of  eosphorite  and 
that  of  childrenite  has  been  pointed  out  in  a  preceding  para- 
graph, and  the  analogy  between  them  in  chemical  composition, 
and  at  the  same  time  the  wide  difference,  will  be  seen  from  the 
above.  The  ratios  obtained  from  the  analyses  of  Rammelsberg 
and  Church  for  the  childrenite  from  Tavistock  and  that  of  eos- 
phorite are  as  follows : — 
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Childreniie 
Eo^borite 

G^IMrenite 
Bo8|»horito 


PfO. 
Rg.3 
Ch.4 
1 

P.O. 

Rg.       I 

Gh.       1 

1 


* 

BO, 
2 
3 

1 

• 
B0,+ 

a 

3 

BO 
8 
9 
2 

BO 

H,0 
16 
18 
4    and 


H,0 
6 

4 


It  can  hardly  be  doubted  from  the  above  relations  and  the 
other  facts  given  that  the  two  species  are  in  fact  isomorphous, 
although  the  uncertainty  that  hangs  over  the  composition  of 
childrenite  makes  it  useless  to  compare  the  formulas.  It  is 
quite  possible  that,  when  the  composition  of  childrenite  shall 
be  dennitely  settled,  it  will  be  found  to  be  analogous  to  that 
given  for  eosphorite.  It  cannot  be  questioned,  however,  that 
the  two  species  though  closely  isomorphous,  are  at  the  same 
time  perfectly  distinct:  the  physical  characters,  the  habit  of 
crystals,  and  method  of  occurrence  speak  emphatically  for  this. 
Chemically,  too,  they  are  not  to  be  confounded,  although  they 
may  be  similar  compounds ;  eosphorite  is  essentially  a  phos- 
phate of  aluminum  and  manganese^  and  childrenite  of  alumi- 
num and  irtm. 

Pj^rognosiics. — ^In  the  closed  tube  eosphorite  decrepitates, 
whitens,  gives  off  abundance  of  neutral  water,  and  the  residue 
tarns  first  black,  then  gray,  and  finally  liver-brown  with  a 
metallic  luster,  and  becomes  magnetic.  6.B.  in  the  forceps  it 
cracks  open,  sprouts  and  whitens,  colors  the  flame  pale-green, 
and  fuses  at  about  four  to  a  black  magnetic  masa  It  dissolves 
completely  in  the  fluxes,  giving  iron  and  manganese  reactions. 
It  is  soluble  in  nitric  and  hydrochloric  acids. 

In  order  to  make  certain  that  our  conclusions  that  the  com- 

Cact  mineral  with  greasy  luster  and  resembling  elseolite  was 
at  a  variety  of  eosphorite,  we  selected  a  grayish  white  and 
apparently  homogeneous  specimen,  which  was  analyzed  by  Mr. 
Horace  L.  Wells,  with  the  following  results : 

P,0, 26-93 

AlO, 18t0 

PeO 6-86 

MnO 19-21 

CaO 2-58 

H,0 12-92 

Besidue 14-41 

Alkalies  andflaorine. trcicea 


100-61 


An  examination  of  the  residue  insoluble  in  acids  proved  it 
to  consist  chiefljr  of  quartz.  The  0*144  gram  of  insoluble  resi- 
due gave  0*131  silica  (92*8  per  cent),  and  contained  besides  traces 
of  iron,  alumina  and  perhaps  other  bases.     The  examination 
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of  a  thin  section  of  this  variety  of  eosphorite  showed  the  qaartz 
scattered  as  grains  through  the  mass. 

Deducting   the   residue  from   the  analysis  and  calculating 
again  to  100*61,  we  have 


P.O. 

31*43 

•221 

•221 

1 

AlO, 

21*83 

•212 

•212 

1 

MnO 

22*43 

•316  ) 

FeO 

6*84 

•096}. 

•466 

2 

OaO 

3-01 

•064) 

H,0 

1607 

•83t 

•83t 

4 

This  is  very  nearly  the  composition  of  eosphorite  as  analyzed 
by  Penfield.  The  excess  of  lime  is  in  part  aue  to  the  presence 
of  apatite  which  is  found  associated  with  much  of  the  eosphor- 
ite. The  compact  mineral  is  simply  eosphorite  intimately 
mixed  with  quartz  and  other  species  founa  at  the  locality. 
The  greener  colored  varieties  contain  dickinsonite  and  are 
somewhat  more  fusible  than  pure  eosphorite,  while  the  lighter 
colored  varieties  such  as  analyzed  are  more  difficultly  fusible. 
The  density  of  these  varieties  varied  from  2*92 — 8*08. 

The  name  eosphorite  is  from  the  Greek  i^coffq^opos  (a  syno- 
nym of  q^Goffq^opo?^  whence  the  name  phosphorus^  which  means 
daum-beartngj  in  allusion  to  the  characteristic  pink  color  of  the 
crystallized  mineral. 

2.  Tbiploidite. 

Physical  characters, — Triploidite  occurs  in  crystalline  aggre- 
gates which  are  distinctly  parallel-fibrous  to  columnar  in  some 
cases,  and  in  others  divergent;  and  again  confusedly  fibrous  to 
nearly  compact  massive.  Occasionally  individual  prismatic 
crystals  are  distinct,  being  separated  from  one  another  by  the 
transparent  quartz  in  which  they  are  imbedded  and  from 
which  they  become  detached  when  the  mass  is  broken  into 
small  fragments.  The  isolated  crystals  have  sometimes  a  length 
of  an  inch  or  more,  but  it  is  not  possible  to  detach  them  except 
in  very  small  pieces.  The  conditions  are  obviously  extremely 
unfavorable  to  the  formation  of  terminated  crystals,  but  a  care- 
ful and  long-continued  search  upon  a  large  amount  of  material 
was  at  last  rewarded  by  the  discovery  of  a  few  more  or  less 
perfect  specimens.  In  rare  instances  the  crystals  have  been 
observed  standing  free  in  small  cavities  in  the  massive  mineral. 
The  crystals  have  perfect  orthodiagonal  cleavage. 

The  hardness  of  triploidite  is  4*6-o,  and  the  specific  gravity 
8*697.  The  luster  is  vitreous  to  greasy-adamantine.  The 
color  is  yellowish  to  reddish-brown,  in  the  distinct  crystals  also 
topaz-  to  wine-yellow,  and  occasionally  hyacinth-red.  The 
streak  is  nearly  white.  Transparent  to  translucent  The  frac- 
ture is  subconchoidal. 


Bnuh  and  Dana — Fairfield  County  Minerah. 


43 


OrystaUine  form. — Of  the  few  terminated  crystals  obtained, 
tbree  only  were  suitable  for  measurement  and  only  one  of  these 
had  the  terminations  complete.  These  were 
extremely  small,  but  the  planes  were  of  so 
high  a  luster  that  they  gave  good  reflec- 
tions, but  little  inferior  to  those  obtained 
from  the  best  eosphorite  crystals.      The 

E lanes  in  the  prismatic  zone  are  in  the 
irger  crystals  so  much  striated  as  to  admit 
of  no  satisfactory  measurements.  In  the 
crystals  selected  for  careful  measurement 
the  only  planes  in  this  zone  which  could 
not  be  used  at  all  were  the  clinopiqacoids, 
for  the  others  the  reflections  were  reason- 
ably ffood.  The  crystals  show  occasionally  false  planes,  bearing 
DO  relation  to  the  axes  of  the  crystal,  and  which  are  evidently 
impressions  of  portions  of  adjoining  crystals. 

The  crystals  belong  to  the  Monoclinic  System  and  their 
habit  is  shown  in  figure  4.  The  axial  ratio  was  obtained  from 
the  following  fundamental  angles : — 


c^e 

ZI3 

001. 

on 

*"* 

64- 

48' 

a^I 

^Z 

100. 

no 

^ 

eo** 

27' 

a^c 

^ 

100  a 

001 

^z 

nv 

46' 

These  angles  are  good,  though  a  little  less  so  than  those  given 
for  eosphonte — the  probable  error,  however,  does  not  exceed 
dtl\     The  axial  ratio  is : 

e  (vert)  h  d 

0-80367  0*53846  1*00000. 

The  observed  planes  are : 

Pf       2-2, 

The  following  are  the  principal  ancles,  both  calculated  from 
the  above  data,  and  as  measured  on  the  same  crystal  (1)  and  on 
the  two  others  (2  and  8)  : 


ft, 


a,     H 


001. 
010. 

100. 


i4 


no. 
oil. 

211. 


Calculated. 


(1) 


MeMored. 


j^r, 

110  A  110. 

=  120"'  64' 

i^r, 

110.110, 

=  69^    6' 

OaCi 

100.001, 

=  71'*  56' 

a.e, 

100  A  Oil, 

=  79''  37' 

a  A  7, 

100a*110, 

=  60"  27' 

a.p, 

100.211, 

=  62''  49' 

b^e, 

OlO.Oll, 

=  35"  12' 

(aIA, 

010.110, 

=  29"  33' 

6.j>, 

010.211, 

=  48"  33' 

e^e. 

001  A  Oil, 

=  64"  48' 

I 


(3) 
120' 
120* 


(8) 
64' 


I 


•71"  56' 

79"  36' 

♦60"  27' 

60"  26' 

62"  45' 


71"  66'  (3) 


•54"  48' 


64"  49'  (2) 
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Calculated. 

MflMtu-ed. 
(1) 

e^i; 

001  A  110, 

=  81"    V 

81°    6' 

c^r, 

001  A  110, 

=  98'  63' 

98°  62' 

C/sp, 

001^211, 

=  76°  36' 

76°  20'  approx. 

I^p, 

110  A  211, 

=  29°    6' 

0^/, 

oil  ^110, 

=  86'  63' 

36°  60' 

CaT*, 

oil   A  110, 

=  61°  33' 

61°  24' 

Cap, 

011^211, 

=  47°  34' 

48°  approx. 

eA*', 

01) ^  oil. 

=  109°  36' 

(2)       (S) 


36°  67'  (2) 


p^p%   211  A  211,  =  82°  63' 

A  oomparisoo  of  the  above  angles  with  those  given  by 
Brooke  and  Miller  for  wagnerite  shows  that  the  two  species 
are  homoeomorphous. 

Thus  in  the  three  diametral  zones,  we  have : — 


Trtploidito. 
I^r,     110 Alio, =120°  64' 
CaO,     001^100,=  71°  46' 
Cac',     Oil  a011,=109°36' 


Wagnerite  (Ifnier). 
^Ay=122°  25' 
CAa=  71°  63' 
eAf'=110°    6' 


As  the  crystal  of  wagnerite  is  placed  by  Miller,  the  planes  g^ 
a,  c  and  e  have  the  symbols  (120),  (lOOl,  (001),  (021^  respect- 
ively. In  the  figure  given  by  Miller  tne  prism  g  120  (=  /, 
(110)  triploidite)  has  tne  greatest  development ;  it  was  made 
the  unit  prism  by  Naumann. 

Optical  properties. — The  only  point  that  could  be  established 
in  regard  to  the  optical  character  of  triploidite  was  the  posi- 
tion of  the  axes  of  elasticity.  The  crystal  used  for  measure- 
ment had  the  clinopinacoid  so  far  developed  that  it  could  be 
examined  directly  in  a  Rosenbusch  microscopa  It  was  found 
that  of  the  two  axes  which  lie  in  the  plane  of  symmetry,  one 
very  nearly  coincides  with  the  vertical  axis,  being  inclined 
behind  (see  fig.  4)  3°-4°,  and  the  other  consequently  is  almost 
normal  to  the  orthopinacoid.  The  position  of  the  optic  axes 
could  not  be  fixed.  The  crystals  show  no  perceptible  absorp- 
tion phenomena. 

Chemical  composition. — Triploidite  was  analyzed  by  Mr. 
Penfield.  This  hydrous  phosphate  was  found  to  contain  iron 
and  manganese,  both  being  in  the  lowest  state  of  oxidation, 
with  a^  small  amount  of  lime  ;  it  is  entirely  free  from 
fluorine.  The  method  of  analysis  was  substantially  the  same 
as  that  of  eosphorite,  (described  on  page  39).  There  being 
no  alumina  in  the  mineral,  the  phosphoric  acid  was  determined 
directly  from  the  solution  of  the  fusion.  The  fusion  did  not 
effect  a  complete  separation  of  the  phosphoric  acid  from  the 
iron  and  manganese,  as  it  was  retained  by  the  small  amount 
of  lime  present  It  was  weighed  with  the  iron,  and  afterwards 
was  separated  from  the  iron  by  means  of  ammonium  molyb- 
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date,  determined,  deducted  from  the  weight  of  the  latter  and 
added  to  the  phosphoric  acid  determination.  The  results  of 
two  analyses  are : 


Belatlye  number  of  atom* 

I. 

IL 

Mean. 

calcnUted  from  the  mean. 

PfOs 

3214 

3208 

3211 

•226 

!•         1- 

PeO 

1607 

14-69 

14-88 

•207) 

MnO 

48-36 

4866 

48-46 

•682  [  896 

3-96     4- 

CaO 

•36 

•29 

-33 

•006) 

H,0 

4-01 

4-16 

408 

•226 

100     1- 

99  93  99  76  9986 


The  ratio  P,0, :  RO :  H  JO  =  1:4:1  corresponds  to  the  form- 
ula R,PaO,+H,0,  or  R,P,0,+H,RO„  where R=Mn  :  Fe  = 
3 : 1.     This  formula  requires : 


P.O. 

3191 

FeO 

16-18 

MnO 

47-86 

H,0 

406 

10000 

Among  the  other  phosphates  and  arsenates  the  following 
seem  to  be  closely  related  to  triploidite  in  composition  : 

libethenite        Ga,PcOa+H,CuOc  Orthorhombia 

Oliyenite  Gu3(Pt»A8j}08+HsGu0,     Orthorhombic. 

Lasnlito  :^klP.O,  +  Hg^Os  Monodinic. 

None  of  these  species  has  any  relation  to  triploidite  in  crys- 
talline form.  On  the  other  hand  the  similarity  between  the 
angles  of  wagnerite  and  triploidite  has  already  been  shown  ; 
moreover,  the  composition  of  triplite  is  analogous  to  that  of 
wagnerite  and  for  tnese  reasons  a  relation  between  triplite  and 
triploidite  immediately  suggests  itsell  The  composition  of 
these  minerals  is : 

Wagnerite  Mg.P.Os  +  MgP, 

TripUte  (Fe,  Mn),P,0s  +  (Fe,  Mn)  F, 

Triploidite  (Mn,  Pe),P,0«  +(Mn,  Fe)  (OH), 

It  should  be  stated  that  the  perfect  transparency  and  bril- 
liant luster  of  the  crystals  analyzed  prove  beyond  all  question 
that  the  absence  of  fluorine  and  the  presence  of  water  (deter- 
mined directly)  are  not  due  to  any  alteration.  The  fact  that  all 
the  bases  are  in  the  lower  state  of  oxidation  would  be  con- 
firmatory evidence  were  it  needed.  The  conclusion  to  which 
we  are  led  is  this — that  in  the  compound  triploidite  the  radical 
hydroxy  1  (OH)  plays  the  same  part  as  the  element  fluorine,  the 
molecule  R(OH),  taking  the  place  of  the  RFa. 

Pyrognosiics — In  the  closed  tube  triploidite  gives  neutral 
water,  turns  black  and  becomes  magnetic.  Fuses  quietly  in 
the  naked  lamp  flame  and  B.  B.  in  the  forceps,  colors  the  flame 
green.  Dissolves  in  the  fluxes,  giving  reactions  for  manganese 
and  iron.     Soluble  in  acids. 
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An  analysis  of  another  specimen  of  triploidite  gave  P^O^ 
82-24,  FeO  18-65,  MnO  42-96,  CaO  not  determined,  H,0  4-09, 
quartz  1-09.  The  lime  was  accidentally  lost  but  calculating 
from  the  amount  of  phosphoric  acid  retained  by  the  iron  it 
amounted  to  0*90  per  cent  The  analysis  is  interesting  as 
showing  that  the  iron  and  manganese  vary  in  different  speci- 
mens, the  darker  colored  varieties  containing  the  most  iron. 

The  name  triploidUe  given  to  this  species,  from  triplitej  and 
ddo^form^  indicates  its  resemblance  to  triplite  in  physical  char- 
acters, and  its  relation  in  chemical  composition. 

(To  be  oontbiiied.) 


Art.  V. —  On  IXnitroparadibromhenzoh  and  their  Derivatives; 
by  Dr.  P.  Tovn^SKND  Austen,  F.C.S.,  Assistant  Prot  of 
'    Chemistry  in  Rutgers  College.     Third  paper.* 

In  my  former  papers,  I  have  described  the  formation  of  three 
dinitroparadibrombenzols,  and  proved  the  a  and  /S  variations 
to  be  isomeric  compounds.  With  regard  to  the  third,  I  am 
still  somewhat  in  doubt 

The  peculiar  formation  of  nitroparadibromaniline  by  treat- 
ment of  alpha  dinitroparadibrombenzol  with  ammonia,  has  led 
me  to  make  experiments  with  other  reagents,  and  I  have  been 
gratified  at  encountering  some  quite  unexpected  phenomena 
These  I  shall  mention  in  another  paper. 

JSetordinitroparabromphenol, 

By  pouring  a  very  concentrated  alcoholic  solution  of  potassa 
over  the  beta-dinitrodibrombenzol,  the  mass  became  scarlet-red, 
indicating  the  formation  of  a  salt  Examination  showed,  how- 
ever, that  much  of  the  substance  was  left  unaffected.  On  heat- 
ing, an  action  set  in,  and  fine  bubbles  were  formed.  On  dilut- 
ing with  alcohol  and  acidifying  with  hydrochloric  acid,  a  dark 
brown  flocculent  mass  was  obtained,  insoluble  to  any  extent  in 
alcohol.  It  was  soluble  in  glacial  acetic  acid  and  acetic  ether, 
separating  in  the  form  of  an  amorphous  powder.  As  it  was 
also  soluble  in  a  solution  of  sodium  hydrate,  and  was  pre- 
cipitated therefrom  by  hydrochloric  acid,  I  take  it  to  be  an 
azoxyphenol. 

Vanous  attempts  to  obtain  a  good  yield  of  the  phenol  by 
direct  treatment  with  potassa,  or  soda,  in  different  amounts  and 
solvents,  did  not  meet  with  success,  except  on  a  small  scale. 
Although  in  most  cases,  the  phenol  salt  was  formed,  as  could 
be  discerned  from  the  red  color  of  the  liquid,  yet  on  application 

*  Gompare  this  Journal,  UI,  iz,  118,  and  xiii,  95. 
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of  heat,  the  speedy  browning  of  the  liquid  showed  that  a  more 
vital  action  had  taken  place.  The  best  results  with  this  method 
were  obtained  by  long  boiling  of  the  dinitrodibrombenzol 
with  an  aqueous  solution  of  potassa.  Owing,  however,  to  the 
slight  solubility  of  the  nitro-compound  in  water,  but  a  small 
amount  of  the  phenol  salt  was  formed. 

I  then  endeavored  to  utilize  a  reaction  which  I  described, 
some  time  ago,*  as  taking  place  between  dinitromonobrom- 
benzol  and  potassium  nitrite,  when  the  two  substances  are 
heated  under  pressure  in  presence  of  dilute  alcohol.  The  for- 
mation of  dinitrophenol  takes  place  easily : 

C,H,(N0J,Br+2KN0.=C,H.(N0,),0K+KBr+N.0.(?) 

The  resulting  oxide  or  oxides  of  nitrogen  have  here  the 
beneficial  effect  of  exerting  an  oxidizing  action.  The  great  ob- 
jection to  the  use  of  an  alKali  in  forming  hydroxy!  derivatives 
from  nitro-halides,  is  the  tendency  it  has  to  affect  the  nitro- 
groups  converting  them  into  azoxy-compounds.  By  the  use 
of  potassium  nitrite  all  reducing  action  is  avoided — \\i  fact, 
prevented — by  the  presence  of  the  nitrogen  oxida  The  oxides 
react  also  on  the  alcohol  present,  forming  aldehyda 

Some  of  the  /9-dinitroparadibrombenzol  was  dissolved  in 
dilute  alcohol,  and  an  equal  weight  of  KNO.  added.  On  stand- 
ing, the  KNO,  extracts  the  water  from  the  dilute  alcohol,  form- 
ing an  aqueous  lajer  on  which  the  alcoholic  solution  rests.  By 
standing,  even  without  warming,  the  line  of  contact  between 
these  layers  solidifies  to  a  crust  of  red  needles.  On  boiling, 
however,  the  action  is  soon  complete,  and  every  trace  of  the 
/^-isomer  is  converted  into  the  phenol.  The  reaction  is  pre- 
cisely analogous  to  the  former : 

C,H.(NO.);Br,+2KONO=C,H.(NO,),BrOK+KBr+N.O.(?) 

Some  of  the  pure  a  was  then  treated  in  a  similar  manner,  but 
did  not  suffer  the  slightest  change.  Some  sam  pies  of  KNO^  gave 
a  slight  coloration,  but  this  was  owing  to  the  presence  of  free 
potassium  hydrate.  They  gave  no  reaction  after  the  potassium 
nitrite  had  been  moistened  with  a  few  drops  of  dilute  nitric  acid. 

The  oil  that  I  take  to  be  a  gamma-isomer,  also  remained  un- 
affected. 

This  method  enables  me  to  overcome  several  hitherto  almost 
insurmountable  obstacles.  The  separation  and  purification  of 
the  beta  from  the  alpha  by  crystallization  is  extremely  difficult, 
and  from  the  gamma  almost  impossible.  By  direct  treatment 
with  KNOg,  of  the  mass  obtained  by  nitrition  of  the  dibrom- 
henzol  however,  all  the  beta  isomer  can  be  extracted  in  the 
form  of  phenol  salt,  leaving  only  the  alpha,  a  solid  substance 

*  This  Journal,  Augusi,  1876. 
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fusing  at  159^  and  the  gamma,  an  oil,  which  I  hope  will  prove 
easj' of  separation. 

U  also  lorms  an  excellent  test  of  the  parity  of  the  alpha-com- 
pound, since  the  color  of  the  potassium  lieta-phenyiate  is  so 
vivid,  that  if  the  alpha  contains  the  slightest  trace  of  the  beta, 
it  is  shown  by  the  formation  of  a  red  tint  on  boiling  it  with  di- 
lute alcohol  and  potassium  nitrite.  By  treating  the  beta-com- 
pound in  the  same  manner,  evaporating  to  dryness  and  extract- 
mg  with  hot  carbon  disulphide,  an  admixture  of  the  alpha  and 
gamma  modifications  is  easily  revealed.  In  this  manner,  I  have 
succeeded  in  proving  that  several  specimens  of  what  I  thought 
to  be  pure  alpha  and  beta,  were  not  absolutely  free  from  isomers, 
although  the  fusing  points  had  long  since  ceased  to  show  any 
appreciable  variation. 

Finally  this  method  promises  a  means  of  obtaining  phenols 
by  substitution  of  the  halide  in  those  nitro-halides  which  on 
treatment  with  an  alkali  suffer  substitution  of  the  nitro-group.* 
For  if  a  reaction  takes  place  it  is  only  the  halide  which  can  be 
affected. 

Preparation. — 150  grams  of  the  raw  product,  obtained  by  nitri- 
tion  01  the  paradibrombenzol,  were  treated  in  a  fiask  with  boiline 
absolute  alcohol  until  all  was  in  solution.  The  boiling  liquid 
was  diluted  with  hot  water  until  the  substance  began  to  per- 
manently separate.  Alcohol  was  then  added  until  solution  nad 
taken  place,  on  which  water  was  again  added,  the  liquid  being 
kept  boiling  all  the  time.  In  this  manner,  by  successively 
adding  water  and  alcohol,  the  volume  of  the  liquid  was  brought 
up  to  about  1^  liters.  The  object  of  this  excessive  dilution 
was  to  prevent  the  separation  of  the  liquid  into  two  layers  from 
the  removal  of  the  water  by  the  KNO,.  The  flask  was  taken 
off  the  sand  bath,  and  100  grms.  of  KN03<5arefuIly  added.  It 
was  then  replaced,  and  the  liquid  allowed  to  boil  violently. 

The  formation  of  the  phenol  salt  took  place  quickly.  In 
about  half  an  hour,  during  which  water  was  occasionally  added 
to  replace  the  loss  by  evaporation,  the  reaction  was  completed. 
The  contents  of  the  flask  were  poured  into  a  tall  beaker  holding 
about  1^  liters  of  cold  water,  stirred,  allowed  to  settle,  and 
washed  several  times  by  decantation  to  remove  the  potassium 
bromide  and  unchanged  potassium  nitrite.  The  mass  was 
brought  on  a  filter  and  allowed  to  drain,  after  which  it  was 
placed  in  a  dish  and  heated  in  a  water  bath  till  all  moisture 
was  driven  off.  By  repeated  warming  with  carbon  disulphide, 
all  traces  of  the  unchanged  isomers  were  easily  removed.  The 
red  salt  was  then  purified  by  crystallization  from  dilute  alcohol, 
dissolved  in  boiling  water  and  carefully  decolorized  with  di- 

'^  As  for  instance  the  dinitro-chlorbenzol  of  Laubenheimer,  Ber.  d.  d.  chem. 
Ges.,  vui,  1929 ;  ix,  768. 
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late*  hydrochloric  acid  (1 :  10),  filtered,  washed  and  purified  by 
crystallization  from  dilute  alcohoLf 
Analysis. — A  combustion  gave : 

0*2852  grms.  of    substaDce    yielded    0*2870  grms.  of   CO,  and 
0*0422  grms.  of  H,0. 


fNO, 
C.H.  \  J;?«=C.H.N.O.Br. 


The  formala  v^.n.  ^  g 

OH 

Calcnteted.  Fomi4. 

C=:27-88  27*44 

H=  1*13  1*64 

Properties. — This  compound  is  identical  with  the  dinitrobrom- 

J>henQl  obtained  by  Kdmer:^  from  nitrition  of  bromphenoL  It 
brms  when  crystallized  from  water  or  alcohol,  long,  fiat,  very 
thin  and  strongly  glittering  needles,  fusing  at  71^.  Korner 
found  78^.  On  careful  heatiDg  it  volatilizes  unchanged. 
Exposed  to  the  air  it  soon  turns  reddish,  undoubtedly,  as  Korner 
suggested,  from  the  presence  of  ammonia.  Heated  under  water, 
it  laaies  to  a  yellow  oil.  It  has  strong  tinctorial  powers,  dying 
the  skin  yellow.  In  all  these  properties  my  observations  agree 
entirely  with  those  of  Korner.  By  heating  with  concentrated 
sulphuric  acid,  decomposition  sets  in,  and  a  gas  is  liberated 
which  smells  like  nitrous  acid,  while  a  (sulpho  r)  acid  giving  a 
barium-salt  soluble  in  water,  is  obtained.     When  heated  on  a 

Slatinum  foil,  it  bums  brightly  with  a  luminous  yellow,  smoky 
ame.     Thrown  on  a  red-hot  platinum  foil  it  puns. 
On  heating  the  phenol  with  fuming  nitric  acid  a  violent  action 
took  place.     The  resulting  liquid  on  evaporation  furnish  an 
abundant  quantity  of  picric  acid. 

There  are  already  several  instances  known  where  picric  acid 
is  formed  by  the.  substitution  of  a  halide  by  the  nitro-group. 
A  directly  analogous  case  is  quoted  by  Post:^  who  mentions 
that  picric  acid  is  formed  by  nitrition  of  the  phenol  isomeric  to 
this  (dinitrobromphenol  fusing  at  117®).§  This  proves  con- 
clusively then,  that^  when  a  halide  is  expelled  by  direct  treat- 
ment vnth  nitric  acid,  we  are  not  in  a  condition  to  assume  that 
the  entering  nitro-group  takes  the  same  relative  position  as  the 
antecedent  halide ;  for,  as  in  the  case  above  shown,  both  the 
dinitrobromphenols  give  picric  acid  on  nitrition. 

^  In  many  eaooo  the  addition  of  concentrated  hydrochloric  acid  to  a  hot,  ooncen- 
traled  solution  of  a  nitro-phenol  salt,  will  entirely  decompose  the  phenol.  If  I  am 
not  mistaken,  this  fact  has  already  been  noticed,  but  I  cannot  recall  the  reference. 

t  Tliifl  compound  is  also  formed  when  j3-dinitroparabromaniline  is  heated  with 
tioliition  of  potassium  hydrate. 

t  Ber.  d.  d.  Ghem.  Qes.,  yii,  334. 

%  Armstrong,  Ber.  d.  d.  Chem.  Qes.,  vi,  649. 

Am.  Joub.  Soi.^TBba>  Suuss,  Vol.  XVI,  No.  9L— July,  1878. 
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It  is  not  a  little  peculiar  that  nitric  acid  should  drive  the  bro- 
mine atom  out  of  dinitrobromphenol,  forming  picric  acid ;  for 
picric  acid  when  treated  with  bromine,  yields*  dinitrobrom- 
phenoL 

Solubility. — ^Difficultly  soluble  in  boiling  water.  Apparently 
less  easily  soluble  in  boiling  dilute  hydrochloric  and  nitric  acids. 
Easily  soluble  in  boiling  dilute  sulphuric  acid.  In  hot  alcohol 
and  acetic  acid  (glacial)  very  easily  soluble.  In  carbon  disul- 
phide,  less  easily.  In  hot  aniline  it  is  very  easily  dissolved, 
giving  a  red  solution. 

Silver  BeUtrdinUropcarahromphenylale. 

Preparation. — ^The  salt  was  made  by  mixing  aqueous  solutions 
of  silver  nitrate  and  ammonium  dinitrobromphenylate.  It  is  dif- 
ficultly soluble  in  boiling  water,  but  much  more  easily  in  alcohol. 

Analysis, —  • 

j-NO. 

C.hJ  Sr^'=C.H.N.O.AgBr. 
loAg 
0*4908  grams  of  substance  yielded  0*1884  grams  of  AgCl. 

CalcolAted.  FoQBd. 

Ag=:29'19  28*90 

Properties. — Splendid  glittering  red  needles,  having  a  brilliant 
green  reflex.  When  dry  the  salt  puffs  on  heating.  If  thrown 
on  a  hot  surface,  it  explodes. 

Potassium  BetOrdinitroparabrompfienyUite. 

I  have  already  described  the  formation  of  this  salt  It  is 
somewhat  difficultly  soluble  in  boiling  water.  It  forms  long 
glittering  and  red  needles,  having  a  greenish  reflex.  This 
is  the  only  salt  that  Korner  prepared.  He  considers  the  play 
of  colors  to  be  like  that  of  murexide. 

Barium  Betordinitroparahromphenylate. 

Preparation, — Barium  carbonate  was  boiled  with  a  dilute 
alcoholic  solution  of  the  phenol  until  all  carbonic  anhydride 
was  expelled.  The  residue  was  extracted  with  boiling  water, 
filtered  and  allowed  to  crystallize. 

Analysis, — 

(C.H.(NO.),BrO),Ba=C,,H,Kp„Br,Ba 

0*3824  grams  of  substance  gave  0*1331  grams  of  BaSO^. 

CalcoUted.  Foand. 

Ba=20-72  2046 

Properties, — Saffron-yellow  needles.  Moderately  soluble  in 
hot  water  or  alcohol.  When  heated  in  a  mattrass,  it  explodes, 
covering  the  sides  with  carbon. 

*  ArmstroDg,  Ber.  d.  d.  Chem.  Ges.,  vi,  650. 
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Ammonium  BetOrdinitroparabromphenylate, 

Preparation. — By  action  of  ammonia  on  an  alcoholic  solution 
of  the  phenol. 
Analysis, — 

C,H.(NO,);3rONH,=C,H,N,0,Br 

0'52  grams  of  substance  gave  04  grams  of  PtCl^,  2AmCl. 

Calculated.  Found. 

NH,=6-52  6-20 

Properties. — Bright  red  silky  needles.  Soluble  in  boiling  water 
and  alcohol.  When  heated  in  a  mattrass  to  140^,  it  is  volatile, 
forming  a  red  sublimate  which  can  be  driven  about  by  cautious 
heating.  On  higher  heating  it  is  dissociated  into  ammonia  and 
phenol     A  partial  recombination  takes  place  on  cooling. 

Copper  Betordinitroparahromphenylate. 

Preparation. — It  was  obtained  by  action  of  a  slight  excess  of 
well-washed  CuCOs  on  the  phenol  in  boiling  dilute  alcoholic 
solution.  The  resulting  mass  was  dissolved  in  glacial  acetic 
acid.  The  salt  was  thereby  decomposed,  cupric  acetate  and  free 
phenol  being  formed.  On  diluting  the  blue  solution  carefully 
with  water,  a  point  was  reached  where  the  color  changed  to 
brown.  The  solution  was  then  allowed  to  stand.  After  a  short 
time  the  substance  began  to  separate  in  crystals* 

Properties. — The  salt  crystallizes  in  short,  brown  glittering 
needles.  It  is  insoluble  in  water  and  alcohol.  Moderately 
soluble  in  boiling  acetic  acid.  The  best  way  to  obtain  it  in 
solution,  is  to  dissolve  it  in  glacial  acetic  acia,  and  dilute  with 
water  until  the  blue  color  changes  to  brown. 

None  of  these  salts  contain  water  of  crystallization  and  differ 
here  from  the  salts  of  the  isomeric  dinitrobromphenol  of 
Armstrong. 

When  I  found  that  this  phenol  could  be  so  easily  obtained, 
I  hoped  that  by  action  of  phosphorous  pentabromide,  it  could 
be  converted  back  into  /!^-dinitroparadibrombenzol.  All  at- 
tempts in  this  direction  have  as  yet  failed.  The  larger  part  of 
the  phenol  remains  unchanged  on  treatment  with  the  bromide, 
while  some  of  it  is  entirely  decomposed. 

Kew  Bniiurwick,  N.  J.,  April  Ist,  1878. 

*  It  would  be  interesting  to  determine  exactly  at  what  point  of  dilation  the 
acetic  add  becomes  equal  to  the  phenol  in  its  attraction  to  the  copper. 


62 


H.  Ooldmark — Atmospheric  Eleetricity. 


Art.  VI. — The  effect  of  Temperature  upon  Atmospheric  BUectHeity ; 
by  Hekby  Goldmabk.  (ContriDutions  fix>m  the  Physical 
laboratory  of  Harvard  Collega    No.  24) 

Sib  William  Thomson,  by  means  of  the  different  forms  of 
electrometers,  devised  by  himself,  has  investigated  the  elecUic 
potential  of  the  atmosphere  under  var^ng  conditions  and  in 
different  localities.  Tne  effect  of  an  increase  of  temperature 
npon  the  potential  of  the  air  he  does  not  appear  to  have  ascer- 
tained, and  the  following  experiments  were  undertaken  with  a 
view  of  arriving  at  some  conclusion  upon  this  subject  From 
the  nature  of  the  case  the  measurements  made  were  approxi- 
mate, and  the  results  reached  qualitative  rather  than  quantita- 
tiva  To  get  the  potential  of  the  air  at  any  point  I  used  the 
water-dropping  apparatus  devised  by  Thomson.  Its  construc- 
tion will  De  i^adily  understood  by  reference  to  the  sectional 
view  given  below. 


It  consists  merely  of  a  can  of  water  A,  insulated  by  standing 
upon  a  glass  support,  and  discharging  by  the  small  pipe  p 
through  a  fine  nozzle.  The  insulation  is  made  more  perfect  by 
drying  the  atmosphere  around  the  insulating  stem  by  means  of 
small  pieces  of  pumice  stone,  moistened  with  sulphuric  acid 
and  placed  around  its  base. 

The  water  breaking  into  drops  from  the  nozzle  assumes  the 
potential  of  the  air  at  the  point  and  communicates  it  to  the  cop- 
per plate  C,  from  which  the  insulated  wire  B  leads  to  the  elec- 
trometer. In  order  to  investigate  the  effect  of  different  tem- 
peratures upon  the  potential,  it  was  necessary  to  have  a  lim- 
ited volume  of  air  upon  which  to  experiment.  To  do  this  I 
enclosed  the  nozzle  of  the  water-dropping  tube  and  the  copper 
plate  in  the  interior  of  the  cylindrical  drum  D.  This  drum  was 
made  of  several  layers  of  sheet  iron,  so  arranged  that  the  air, 
after  being  heated  by  three  Bunsen  burners  below,  would  pass 
several  times  aroundf  the  cylinder  and  so  raise  the  temperature 
of  the  enclosed  air,  without  otherwise  affecting  it  The  water 
which  dropped  from  the  plate  collected  in  the  glass  dish  below 
from  whicn  it  was  drained  out  by  a  syphon,  as  fast  as  it  felL 
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To  measure  the  potential  I  employed  one  of  Thomson's 
qaadrant  electrometers,  which  was  charged  sometimes  by  a 
tioltz  machine  and  sometimes  by  the  Ruhmkor£f  coil*  lliis 
instrument  carries  a  small  concave  mirror  which  reflects  a  spot 
of  light  upon  a  scale  of  ground-glass  placed  at  the  distance  of 
about  a  meter.  In  order  to  avoid  any  influence  which  the 
observer's  body  near  the  instrument  or  conducting  wires  might 
make,  I  observed  the  deflections  upon  this  scale  by  means  of 
a  telescope  from  the  opposite  end  of  the  room. 

The  method  of  procedure  was  as  follows:    The  opposite 

![uadrants  of  the  electrometer  were  connected  with  two  of  the 
our  binding  screws  of  a  peculiar  key  constructed  for  the  instru- 
menty  while  to  the  other  two  the  wire  coming  from  the  measur- 
ing instrument  and  a  wire  leading  to  the  earth  were  respect- 
ively attached.  The  potential  of  the  air  in  the  drum  was  then 
measured,  the  temperature  being  that  of  the  air  of  the  room. 
The  result  showed  a  very  constant  negative  potential,  varying 
but  little  in  the  successive  days  on  which  the  experiment  was 
made.  The  potential  of  the  air  of  the  room  was  also  measured 
at  the  same  time,  and  found  to  be  the  same  as  that  of  the 
enclosed  air,  thus  proving  that  the  drum  had  no  e£fect  upon 
the  electric  condition  of  its  contents.  The  burners  were  tnen 
lighted,  and  the  potential  was,  from  time  to  time,  measured 
after  the  temperature  of  the  enclosed  air,  as  observed  by  the 
thermometer  t,  had  risen  above  that  outsida 

The  change  was  by  no  means  marked,  but  I  did  not  on  any 
occasion,  notice  any  decrease  of  potential,  but  on  the  contrary 
a  small  but  constant  increase  on  raising  the  temperature.  The 
following  table  gives  some  of  the  measurements  made: 

Apra  81.  April  24.  April  25. 

T«nip.  IB     Potential  In 
Cent.  dac.      tCAle  dlT. 

30  19 

60  20 


On  extinguishing  the  burners  and  allowing  the  enclosed  air  to 
cool  slowly,  it  retained  the  maximum  potential  it  had  reached 
on  heating,  even  after  it  bad  regained  its  original  low  tempera- 
tare. 

As  a  result  of  my  experiments  I  arrived  at  the  following  con- 
clusions : 

IsL  That,  even  a  very  considerable  change  of  temperature, 
does  not  have  any  great  or  marked  effect  upon  the  electric  poten- 
tial of  the  air. 

2d.  That  however  a  rise  in  temperature  does  produce  a  slight 
hut  constant  increase  in  the  potential 


Temp.  In 

PotentlAl  In 

Temp.  In 

Potential  In 

Cent.  deg. 

•cftledlT. 

Cent.  deg. 

•CAledlT. 

23 

15 

22 

16* 

50 

20i 

42 

19i 

67 

23 

74 

20i 

88 

22 

96 

23 
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Art.  Vn. — A  method  of  recording  Articulate  Vibrations  by  means 
of  Photography ;  by  E.  W.  Blake,  Jr.,  Hazard  Professor  of 
rbysics,  Brown  University. 

The  extreme  minuteness  of  the  vibrations  of  the  iron  disc  of 
the  Bell  telephone  withdraws  them  from  all  ordinary  methods 
of  observation  and  measurement  A  pointed  wire  mstened  to 
the  center  of  a  ferrotype  disc  2f  inches  in  diameter,  and  mov- 
ing on  smoked  glass,  gave  7',  inches  as  the  extreme  ampli- 
tude of  vibration  under  a  powerful  impulse  of  the  voice, 
while  sounds  moderated  to  such  a  point  as  to  be  fairly  articu- 
late, were  with  difficulty  detected  by  the  movement  which  they 
communicated. 

Animal  membranes,  possessing  greater  flexibility  than  the 
metal  disc,  seemed  to  promise  better  results,  but  the  inertia  of 
the  attached  wire,  and  the  resistance  offered  by  the  smoked  sur- 
face, become  of  importance,  and  throw  doubt  on  the  accuracy 
of  the  results  obtamed.  Dr.  Clarence  J.  Blake  employs  the 
human  membrana  tympam  as  a  logograph,^  and  has  obtained 
very  beautiful  and  interesting  tracings.  1  And  by  examination 
of  some,  which  he  kindly  sent  me,  that  the  number  of  vibra- 
tions as  recorded  falls  considerably  below  the  ordinary  pitch  of 
the  voice,  being  in  some  cases  as  low  as  80  per  second. 

The  logograph  described  by  W.  H.  Barlow,  F.R.S.,  in  a 
paper  read  before  the  Royal  Society, f  serves  to  record  the 
varying  pressures  of  the  expelled  air  taken  as  a  whole. 
With  a  single  exception  the  diagrams  give  no  suggestion  of  the 
musical  character  of  the  sounds.  The  width  of  the  line  drawn 
by  a  cameFs  hair  brush  and  the  slow  movement  of  the  paper 
would  mask  the  minute  vibrations  even  if  the  apparatus  were 
otherwise  adapted  to  showing  them. 

The  opeioscope,  invented  by  Professor  A.  E.  Dolbear,  con- 
sisting of  a  tense  membrane,  to  the  center  of  which  a  small 
mirror  is  attached,  is  well  adapted  to  proving  the  existence  of 
musical  vibrations  in  human  speech,  but  not  to  determining 
their  character. 

The  phonograph  of  Mr.  Edison  records  on  tin-foil  enough 
of  the  vocal  elements  to  reproduce  intelligible  articulation. 
The  minute  indentations  are  therefore  a  record  of  great  scientific 
value.  In  the  hands  of  Mr.  Fleeming  Jenkin  they  promise  to 
lead  to  valuable  results:}:  in  the  analysis  of  vocal  sounds. 

Dr.  S.  Th.  Stein§  described  in  1876  a  method  of  photograph- 

♦  Archives  of  Opthalmology  and  Otology,  vol.  v,  No.  1,  187G. 
f  Reprinted  in  the  Popular  Scienoe  Review,  London,  July,  1874. 
t  Nature,  May  9th,  1878.  Article  on  Phonograpti  by  Mr.  J.  Ellis. 
§  FoggendorlTs  Annalen,  Bd.  clix,  S.  142. 
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he  vibrations  of  tuniDg  forks,  string  &c.,  by  attaching  to 
I  plates  of  blackened  mica  punctured  with  small  holes.  A 
I  of  sunlight  passing  through  the  hole  strikes  a  sensitive 
I  moving  with  uniform  velocity,  and  leaves  a  permanent 
d  of  the  combined  motions.  Dr.  Stein  considers  his 
lod  applicable  to  voccU  sounds,  but  I  cannot  learn  that  he 
)ver  attempted  this  application.  My  own  experiments  in 
direction  by  Stein^s  method  resulted  in  failura 
le  object  of  this  paper  is  to  describe  a  method  of  obtain- 
)hotographs  of  minute  vibrations  on  a  magnified  scale, 
plane  mirror  of  steel,  A,  is  supported  by  its  axis  in  the 
I  frame  B.  The  ends  of  the  axis  are  conical,  and  carefullv 
I  into  sockets  in  the  ends  of  the  screws  G,  G.  On  the  bacK 
e  mirror  is  a  slight  projection  £>  pierced  by  a  small  hole, 
le  vibrating  disc,  as  hitherto  employed,  is  a  circular  plate 
rrotype  iron,  2f  inches  in  diameter,  screwed  to  the  back  of 
3phone  mouth -piece  of  the  form 
ited  by  Professor  John  Peirce, 
now  universally  used.  From 
^nter  of  the  back  of  this  disc  a 
steel  wire  projects,  the  end  of 
h  is  bent  at  a  right  angle.     This 

serves  to  connect  the  vibrating 
with  the  mirror  by  hooking  into 
lole  in  D,  as  represented  in  the 
e.  The  mirror  frame  and  the 
kting  disc  are  kept  in  a  fixed  re- 
1  to  each  other  by  a  block  of  hard  wood,  to  which  both  are 
y  screwed.  The  mirror  is  set  with  its  axis  parallel,  and  its 
itin^  surface  perpendicular,  to  the  vibrating  disc, 
heliostat  senas  a  beam  of  sunlight  horizontally  through  a 
[  circular  opening.  This  beam  passes  into  a  dark  closet 
it  a  distance  of  several  feet  from  the  circular  opening  falls 

the  mirror  above  described  placed  with  its  axis  inclined 
o  the  horizon.  The  rays,  reflected  vertically  downward, 
through  a  lens  at  whose  focus  they  form  an  intensely  lumin- 
mage  of  the  circular  opening. 

carriage  moving  smoothly  on  four  wheels  travels  beneath 
sns  at  such  a  distance  that  the  sensitized  plate  laid  upon  it 
s  at  the  focus  for  actinic  rays.  A  uniform  velocity  is  given 
le  carriage  by  a  string  fastened  to  it  and  passing  over  a 
y.  To  this  string  a  lead  weight,  just  sufficient  to  balance 
on,  is  permanently  attached,  while  a  supplemental  weight 
It  the  beginning  of  motion  and  is  remoyed  just  before  the 
tized  plate  reaches  the  spot  of  light  above  described, 
le  velocity  attained  by  the  carriage  is  determined  by  plac- 
i  sheet  of  smoked  glass  upon  it  and  letting  it  run  unaer  a 


Back  view  of  Mirror,  actaal  aize. 
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tuning  fork  (Ut  8 — 612  v.  &)  provided  with  a  pointed  wire.  Is 
every  case  more  than  200  vibrations  were  counted  and  moM-, 
uredf,  and  careful  comparisons  made  between  the  earlier  wui 
later  ones,  so  as  to  be  certain  of  the  uniformity  of  the  motion. 

From  the  description  it  will  be  evident,  that  when  the  cir- 
riage  alone  is  in  motion  a  straight  line  will  be  photographed  npoa 
the  plate.  On  speaking  into  the  mouth-piece  the  diso  ia  set  in. 
vibration,  each  movement  causing  change  of  angular  poBitiaiil 
of  the  mirror,  the  reflected  light  moves  through  twioe  this 
angle,  and  the  resulting  photograph  gives  us  the  combination 
of  Its  motion  with  that  of  the  carnage.''^ 

The  general  character  of  the  curves  obtained  is  shown  in  the 
accompanying  figures,  which  are  about  one-half  (0*66)  the  actual 
size  of  the  oriffinala  The  reduction  was  accomplished  by  pho- 
tography on  the  wood  itself,  so  that  the  skill  of  the  engraTOr 
was  employed  simply  to  follow  the  lines,  which  he  has  done 
with  great  fidelity. 

The  velocity  of  the  carriage  for  the  vowel-sounds  was  21^, 
for  B9*oum  University^  40,  and  for  How  do  you  doj  14  inches  per 
second. 

In  the  mathematical  discussion  of  these  curves  the  abscissM 
are  measured  by  the  known  velocity  of  the  carriage,  and  serve 
to  determine  the  pitch,  the  ordinates  represent  the  amplitude  of 
vibration  of  the  center  of  the  disc,  magnified  200  times  in  the 
photographs.  The  reduction  of  scale  makes  the  magnifying  in 
the  wood-cuts  only  112  times. 

The  ordinates  are  not  strictly  straight  lines,  but  parts  of  the 
vertex  of  a  parabola,  and  closely  approximate  to  circular  area 
whose  radius  is  the  focal  length  of  the  lens  employed.f  In  the 
figures  given,  the  centers  of  curvature  of  these  arcs  is  at  the 
right  hand. 

Witli  an  ordinary  tone  of  voice  an  amplitude  of  nearly  an 
inch  is  obtained,  implying  a  movement  of  the  center  of  the 
disc  of  005  inches  as  determined  by  actual  measurement. 

By  varying  the  accelerating  weight  and  its  fall,  any  manage- 
able velcxsity  may  be  given  to  the  carriage.  Each  syllable 
requires  for  its  articulation  about  one-fourth  of  a  second,  hence 

*  The  carriage  should  run  from  right  to  left.  The  negrative  (examined  from  tbe 
ylass  side),  and  prints  taken  from  it,  then  give  the  syllables  in  their  proper  ordir, 
and  show  movements  of  the  disc  from  the  8{)eaker  by  lines  going  from  the  obnr^ 
ver.  The  arrangement  of  my  dark  room  compelled  me  to  make  my  carriage  inofe 
from  left  to  right;  hence,  in  the  figures  given,  forward  positions  of  the  diac  aie 
represented  by  tlie  lower  portions  of  the  curves. 

f  It  can  easily  be  shown  that  the  reflected  beam  describes  the  envelope  of  • 
cone,  whose  apex  has  an  angle  of  90'',  and  whoso  axis  is  inclined  46*.  The  in- 
tersection of  ihis  cone  with  the  horizontal  plane  gives  the  parabola.  The  km 
employed  transfers  tlie  apex  to  its  own  optical  center.  The  ordinates  may  be 
made  practically  straight  lines  by  placing  the  mirror  with  its  axis  vertical  80  u  to 
reflect  the  beam  ahuost  directly  back  ou  its  path,  and  having  the  sensitized  plate 
move  up  and  down  in  a  vertical  plane. 
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the  plates  must  be  quite  long  when  the  velocity  is  ^reat.  I 
employ  plates  two  feet  in  len^n,  and  find  that  velocities  from 
16  to  40  inches  per  second  give  srood  re6ult&  The  action  <A 
the  li^htis  however  inversely  as  the  velocity.  To  compensate 
for  this,  the  size  of  the  circular  opening  admitting  the  light 
may  be  increased.  This,  of  course,  causes  an  enlargement  of  the 
luminous  image,  and  apparently  involves  an  injurious  widening 
of  the  line  traced,  but,  as  observed  by  Dr.  Stein  in  his  experi- 
ments, the  effect  of  velocity  is  to  narrow  the  line  photograpned, 
since  the  maximum  exposure  iff  in  that  diameter  of  the  circular 
image  which  lies  in  the  line  of  motion.  This  is  a  great  advan- 
tage, since  a  variation  of  velocitv  in  the  vibration  is  marked 
by  the  widening  of  the  line,  often  more  clearly  than  by  the 
form  of  the  curve. 

I  have  employed  the  ordinary  photographic  process,  not  at- 
tempting to  obtain  special  sensitiveness.  The  brightest  sunlight 
is  required,  a  slight  haziness  interfering  seriously  with  the 
result  My  heliostat  employs  two  reflectors  of  ordinary  look- 
ing-glass, and  the  loss  of  light  is  considerable. 

To  ^uide  those  who  may  wish  to  try  this  method  I  add  the 
following  measurements: 

Diameter  of  circular  opening f  ^  inches.* 

Distance  of  mirror  from  circular  opening 28  feet. 

Distance  of  mirror  from  photographic  plate 11  ^  inches. 

Focal  length  of  lens 9i  inches. 

Size  of  steel  mirror 0'46x0*34  inches. 

Weight  of  steel  mirror 0*065  gram. 

The  question  naturally  arises  whether  the  mirror  may  not 
so  interfere  with  the  vibrating  disc  as  to  destroy  its  articulation. 
The  telephone  gives  a  direct  answer  and  banishes  the  doubt 
The  mirror  was  attached  in  the  manner  already  described  to 
the  disc  of  a  telephone,  and  the  instrument  showed  itself  still 
perfectly  capable  of  *  sending/  and  ^receiving,'  without  notice- 
able loss  of  clearness  or  quality.       ^ 

Are  all  the  audible  elements  of  speech  traceable  in  these 
records?  in  other  words,  is  the  record  complete?     I  am  not 

[)repared  as  yet  to  answer  this  question  definitely,  but  the  fol- 
owing  experiment  leads  me  to  doubt  whether  an  affirmative 
answer  can  be  given,  while  at  the  same  time  it  illustrates  in  a 
striking  manner  the  sensitiveness  of  the  ear.  The  mirror  was 
attached  to  the  disc  of  a  receiving  telephone  and  a  photograph 
taken  from  it  while  the  instrument  was  talking  audibly.  Tne 
resulting  record  was  almost  a  smooth  line,  showing  but  very 
slight  indications  of  movement  of  the  mirror.  It  would  there- 
fore, appear  that  there  are  distinctly  audible  elements,  which 

*  Depending  on  velocity  required,  and  on  actinic  intensity  of  the  light. 
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are  too  minute  to  be  recorded  by  this  method.  It  is  to  be 
noted,  however,  that  the  width  of  the  line  traced  where  the 
vibrations  are  extremely  small,  is  so  great  as  to  mask  the  curv- 
ature, so  that  the  experiment  just  cited  is  not  entirely  fair. 

The  oleai'ness  and  beauty  of  the  curves  obtained  can  hardly 
be  appreciated  without  inspection  of  the  originals.  Their 
oomplexity  and  variety  open  a  large  field  for  investigation,  and 
they  seem  to  offer  the  means  of  analysis  of  articulate  speech. 


Abt.  VUr. — Suggestions  for  a  Telephonic  Relay;  by  Professor 

O.  N.  Rood. 

Aptsb  reading  an  account  of  the  experiments  of  Mr. 
Hi^hes,*  which  may  be  regarded  as  an  extension  of  the  work 
of  Edison,  it  occurred  to  me  that  the  peculiar  property  of  car- 
bon, upon  which  they  depend,  might  be  utilized  in  the  con- 
struction of  a  telephonic  relay.  I  accordingly  arranged  three 
pieces  of  carbon  in  the  form  of  an  H,  attaching  the  two  outside 
pieces  to  the  diaphragm  of  an  ordinary  telephone ;  this,  with  a 
battery,  was  destined  to  act  as  relay  and  re-transmitter.  The 
first  circuit  included,  then,  a  common  telephone  as  sender,  and 
the  coil  of  the  relay ;  the  second  included  battery,  vibrating 
carbon,  and  a  common  telephone  used  as  a  receiver.  It  was 
found  that  the  vibrations  of  the  pivots  of  the  central  piece  of 
carbon  were  indeed  able  to  modulate  an  electric  current,  so 
as  to  reproduce  with  somewhat  diminished  intensity  sounds 
uttered  in  the  sending  telephone.  Eight  small  vibrating  car- 
bons were  now  substituted  lor  the  single  piece,  and  the  repro- 
duction was  effected  without  loss  of  intensity  or  distinctness. 
The  batterv  used  with  the  relay  consisted  of  eight  small  cells 
of  zinc  and  carbon  placed  in  diluted  sulphuric  acid  only.  For 
a  relay  to  be  ef&cient  it  is  of  course  necessary  that  it  should 
increase  the  loudness  of  the  sounds  so  as  to  allow  for  electrical 
re-transmission  to  a  more  distant  station  ;  this  can  probably  be 
effected,  Ist,  by  making  the  telephonic  relay  of  sucb  dimen- 
sions that  six  or  eight  carbons  can  be  placed  approximatelv 
over  the  center  of  the  iron  diaphragm,  and  2d,  by  using  simul- 
taneously several  of  these  pieces  of  apparatus  in  the  same 
circuit 

An  arrangement  like  Hughes's  microphone  was  also  employed 
as  sending  instrument ;  an  inverted  coverless  cigar  box  was 
used,  on  which  I  placed  three  vibrating  carbons  instead  of  a 
angle  one.  The  multiplication  of  the  carbons  was  due  to  a 
suggestion  of  Dr.  W.  Qibbs,  who  at  the  time  proposed  various 

^Nature,  May  16,  1878. 
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fonns  of  sending  apparatus,  all  including  the  principle  of  mul- 
tiple vibrating  points  or  surfaces  of  contact  This  simple 
apparatus  was  very  sensitive,  and  reproduced  with  fidelity  ooo. 
versation  in  a  low  tone  at  a  distance  of  more  than  thirty-five 
feet  from  the  box;  its  performance  suggested  to  me  the  mnlti- 
plication  of  the  carbons  on  the  relay. 

To  the  above  I  may  add  that  when  the  electrical  current 
used  with  the  carbons  is  too  powerful,  a  hissing,  crackling 
sound  is  produced,  which  is  from  time  to  time  varied  by  the 
introduction  of  a  pure  musical  note,  which  often  runs  through 
considerable  variation  in  pitch.  This  voltaic  tone  may  be  due 
to  the  repulsion  exerted  by  the  electrical  current  on  itaeU, 
causing  one  of  the  carbon  points  to  rise  and  fall  with  regularity 
in  a  manner  analogous  to  the  motion  of  the  Trevelyan  rocker, 
or  it  may  be  caused  by  rapid  changes  in  temperature  and  hence 
in  volume  of  the  contact-surfaces.  With  fourteen  small  cups 
it  occurred  quite  frequently. 

Columbia  College,  June  10,  1878. 


SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics. 

1.  On  the  Microphone  of  Hughes, — At  the  meeting  of  the 
Royal  Society  on  May  9th,  Professor  Huxley  presented  a  paper 
by  JD.  E.  Hughes  of  London,  on  the  action  or  sonorous  vibrations 
in  varying  the  force  of  an  electric  current.*  The  results  described 
were  obtained  in  an  attempt  to  investigate,  by  means  of  the  tele- 
phone, the  eflfect  of  sound  vibrations  on  the  electrical  behavior  of 
matter.  Using  a  Daniell  battery  of  three  cells,  with  a  telephone 
in  circuit,  the  wire  conductor  was  subjected  to  strain  until  it  broke ; 
no  sound  was  heard  except  at  the  instant  of  rupture.  It  was  then 
noticed  that  the  sound  could  be  reproduced  on  making  and  break- 
ing the  circuit  with  the  broken  ends  of  the  wires,  or  even  more 
simply  by  connecting  the  wires  with  two  nails  placed  side  by  side, 
a  third  lying  upon  them  at  right  angles  breaking  or  lessening  con- 
tact whenever  subjected  to  jar,  even  by  sound  waves.  Ten  or 
twenty  nails  piled  up  log-hut  fashion,  increased  the  effect,  and  a 
piece  of  steel  watch  chain  worked  very  well  Still  better  results 
were  obtained  by  the  use  of  a  metallic  powder  in  a  glass  tube,  the 
instrument  in  this  form  being  so  sensitive  as  to  reproduce  articu- 
late speech.  All  finely  divided  conductors  which  do  not  readily 
oxidize,  such  as  platinum,  mercury  and  carbon,  or  still  better  metal- 
lized carbon  (willow  charcoal  heated  to  whiteness  and  plunged 
into  mercury)  may  be  used  for  the  purpose,  a  glass  tube  fiUed 
with  such  substances,  and  provided  with  wires  for  insertion  in  a 

*  Engineering,  xxv,  369,  384,  May  10  and  17,  1878.     Sci.  Am.  SuppL  v,  2024, 
June  8,  1878. 
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(nrcnit,  bein^  called  a  ^  trantanitter.^  Exposed  to  sound,  even 
when  qnite  inaadible  to  the  nnaided  ear,  the  resistance  of  the 
transmitter  varies  in  oonseqnence  of  the  vibration,  thns  varying 
tiie  corrent  strength  and  producing  in  the  telephone  a  distinct 
Dcrise.  The  slightest  toucn  on  the  table  where  it  is  lyinff,  the 
merest  contact  with  a  feather  or  a  oamePs  hair  brush,  is  distmctly 
heard  in  the  receiver,  and  both  instrumental  and  vocal  sounds  are 
transmitted  with  power.  Acting  on  these  facts.  Hushes  devised 
an  instrument  especially  adapted  for  magnifying  weak  sounds,  to 
which  he  gave  the  name  microphona  It  consists  simply  of  a 
pieoe  of  eas  carbon,  an  inch  long,  i  inch  wide  at  the  center,  and  ^ 
aioh  thiiS:,  pointed  at  the  ends  and  supported  vertically  between 
two  blocks  of  the  same  carbon  which  have  small  cavities  hollowed 
oat  to  receive  it,  the  upper  end  being  more  blunt  than  the  lower, 
and  rounded.  The  weight  of  the  upright  piece  is  only  just  suf- 
ficient to  make  a  feeble  contact  With  this  form  of  transmitter 
the  beating  of  the  pulse,  the  tick  of  a  watch,  the  tramp  of  a  fly  can 
thus  be  heard  at  least  a  hundred  miles  from  the  source  of  sound. 
In  explanation  of  these  facts,  the  author  says :  *^  It  is  quite  evident 
that  these  effects  are  due  to  a  difference  of  pressure  at  the  differ- 
ent points  of  contact  and  that  they  are  dependent  for  the  perfec- 
tion of  action  upon  the  number  of  these  points  of  contact.  They 
are  not  dependent  upon  any  apparent  difference  in  the  bodies  in 
contact  but  the  same  body  in  a  state  of  minute  subdivision  is 
equally  effective.^^ 

The  results  which  have  been  obtained  by  Hughes  as  above 
described,  are  clearly  anticipated  hj  more  than  a  year  by  those  of 
Bdiflon.*  In  January,  1877,  while  engaged  in  perfecting  an 
articulating  telephone,  Edison  made  use  of  the  fact  discovered  by 
lum  in  1878,  that  semi-conductors  have  the  peculiar  property  of 
varying  their  resistance  with  pressure.  To  the  center  of  a 
diajdiragm  was  attached  a  spring  faced  with  platinum,  in  front  of 
wfaichj  and  movable  by  an  aajustmg  screw,  was  a  small  cylinder  of 
graphite.  This  arrangement  gave  great  volume  of  sound  but  its 
articulation  was  poor.  After  extensive  experimenting,  using  the 
p;raphite  mixed  with  various  substances,  lead  peroxide,  copper 
iodide,  pulverized  gas  retort  carbon,  manganese  peroxide,  amorph- 
0118  phosphorus,  finely  divided  metals,  many  sulpnides,  tufts  of  silk 
fiber  coated  with  metals  by  chemical  means  and  pressed  into  disks, 
etc,  he  was  led  to  adopt  a  disk  made  of  the  lampblack  from  petro- 
leum smoke  and  to  use  it  in  the  primary  circuit  of  a  small  mduc- 
tioii  coiL  This  constitutes  the  carbon  telephone,  which,  certainly 
for  long  circuits  is  the  loudest  transmitter  known.  In  June,  1877,t 
he  described  a  new  form  of  relay  based  on  the  principle  of  vary- 
ing resistance  by  pressure,  using  disks  of  carbon  on  the  poles  of 
the  receiving  electro-magnet,  on  which  disks  the  armature  rested. 
Hie  oo3s  of  this  magnet  were  in  the  primary  circuit,  the  cores, 

**The  ^)eakiiig  Telephone,  TaUdng  Phonograph  and  other  novelties.     By 
Qecffge  B.  Preseott    pp.  431,  Svo.    New  York,  1878.    D.  Appleton  k  Co. 
f  Joarnsl  of  the  Telegraph,  x,  163,  June,  18*77. 
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disks  and  armature  in  the  secondary.  When  a  current  passed 
through  the  magnet,  the  armature  was  attracted,  compressed  the 
carhon  disk,  diminished  its  resistance,  and  so  increased  the  current 
strength  in  the  secondary  circuit.  Since  the  diminution  of  the 
resistance  is  exactly  as  the  pressure,  the  relay  translated  the  varying 
current  strength  of  the  one  circuit  into  a  varying  current  streneth 
in  the  other,  of  precisely  similar  character ;  thus  for  the  first  tmie 
making  it  possible  to  relay  telephone  currents.  That  the  ef^^ 
thus  obtained  by  Edison  are  due  simply  to  varying  external  con- 
tact, was  first  proved  by  C.  B.  Richards  of  Hartford  in  July,  1877. 
Placing  a  graphite  cylinder  between  the  jaws  of  a  vise,  platinum 
battery-contacts  being  provided  at  the  ends,  he  found  that  the  re- 
sistance of  the  cylinder  to  an  electrical  current  diminished  as  the 
jaws  of  the  vise  were  brought  together,  exactly  as  asserted.  But 
if,  in  place  of  contacts  at  the  ends,  the  connections  were  made  by 
winding  platinum  wire  round  the  cylinder  just  inside  the  ends,  no 
variation  of  the  galvanometer  deflection  was  observed  on  increas- 
ing the  pressure ;  thus  proving  conclusively  that  the  phenomenon 
discovered  and  utilized  by  Edison  depends  upon  the  simple  fieurt 
that  a  great  variation  in  the  resistance  of  a  semi-conductor  takes 
place  on  varying  the  surfaces  of  contact  by  pressure,  the  variation 
of  resistance  being  directly  as  the  pressure  exerted. 

It  would  seem  sufficiently  evident  that  the  phenomena,  of 
Hughes  and  Edison  alike,  are  due  to  the  varying  resistance  of  an 
electrical  circuit  at  the  point  or  points  of  contact.  The  correct- 
ness of  this  explanation  is  proved  by  the  increase  of  the  effect 
with  multiple  contacts.  This  is  accomplished  by  Hughes  with 
finely  divided  materials  such  as  metallized  carbon,  or  metallic  fil- 
ings or  carbon  fragments  in  a  glass  tube ;  and  by  Edison  by  lay- 
ers of  silk  covered  with  graphite,  by  several  cylinders  of  graphite 
placed  in  a  row,  or  by  increasing  the  surface  of  his  carbon  button. 
The  extreme  sensitiveness  of  the  Hughes  apparatus  is  fully  equal- 
led by  that  of  Edison,  all  the  phenomena  described  with  it  being 
readily  repeated  with  Edison's  carbon  transmitter,  especially  if  a 
carbon  button  be  used  which  has  been  worked  over  several  times 
80  as  to  be  in  a  state  of  minute  division.  ITie  tick,  the  brush,  the 
fly  tramp  can  all  be  heard  with  it.  For  purposes  of  practical  tel- 
ephony, however,  this  sensitiveness  is  a  serious  objection,  and  was 
overcome  by  Edison  only  after  long  experimenting.  It  is  mainly 
a  matter  of  adjustment  of  the  contact  pressure,  as  well  in  the  car- 
bon telephone  as  the  microphone,  the  apparatus  being  the  more 
sensitive  the  less  the  pressure.  Moreover,  the  fact  that  Hughes 
transmits  speech  without  the  use  of  a  diaphragm  does  not  affect 
the  question.  Edison  months  ago  replaced  the  vibrating  dia- 
phragm of  his  telephone  by  a  plate  of  metal  rigidly  attached  to 
the  carbon,  and  serving  to  increase  the  loudness  by  increasing  the 
surface  on  which  the  sound  acts.  This,  however,  is  not  at  all  neces- 
sary. It  is  easy  to  talk  with  the  carbon  transmitter  of  Edison,  by 
projecting  the  sound  waves  directly  against  the  carbon  itself  as  in 
the  microphone.     Finally,  Edison  has  utilized  the  varying  resist- 
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anoe  of  carbon  contacts  by  presaore,  in  the  construction  of  an 
apparatus  by  which  minute  differences  of  pressure  may  be  meas- 
ured, and  has  applied  it  to  the  construction  of  a  thermometer, 
barometer,  and  hygrometer  of  extraordinary  delicacy,  and  to  the 
production  of  a  rheostat  of  great  simplicity.  g.  f.  b. 

2.  On  the  Bailing  Paint  af  Stdphuric  acid  of  various  strengths. 
— ^Though  the  boiling  point  of  the  most  concentrated  sulphuric 
add— containing  98*5  per  cent  H^O^ — was  carefully  fixed  by 
Marignac  at  338^,  no  determination  of  the  boiling  points  of  acid 
of  less  concentration  has  been  made  since  Dalton.  Lungs  has 
undertaken  to  redetermine  accurately  these  boiling  points  by  the 
following  method :  About  150  c.c.  of  the  acid  to  be  examined 
was  placed  in  a  fiask  having  a  long  and  wide  neck  and  heated  to 
boiling.  In  the  flask  the  thermometer  was  so  suspended  by  wires 
of  platinum  as  to  maintain  a  central  position,  the  bulb  beine 
wholly  immersed  in  the  liquid.  Since  b^  loss  of  water  the  strength 
of  the  acid  is  increased,  the  boiling  point  must  be  determined  at 
the  beginning  of  ebullition.  This  the  author  takes  to  be  the 
instant  at  which  the  stem  of  the  thermometer  is  surrounded  by 
transparent  vapors,  and  a  partial  condensation  takes  place  on  the 
neck,  the  thermometer  becoming  at  the  same  time  stationary  for 
from  a  quarter  to  half  a  minute.  In  this  way,  an  accuracy  of  half 
a  degree  may  be  attained.  The  density  of  the  acid  was  determined 
by  mrect  weighing  and  reduced  by  Bmeau's  formula  to  16°.  The 
percentage  of  H,SO^  was  obtained  from  this  by  interpolation  in 
KolVs  tables  below  sixty-three,  and  in  Bineau's  above  this  per- 
centage. Plotting  the  observed  boiling  points  as  ordinates  and 
the  percentages  of  H,SO^  as  abscissas,  a  curve  is  obtained  which 
is  very  nearly  a  parabola  and  by  which  the  boiling  points  may  be 
obtained  for  intermediate  strengths. — Ber.  Berl.  Ghem.  Ges.y  xi, 
370,  March,  1878.  6.  f.  b. 

3.  SubstituJtian  af  Sidphurfar  Oxygen  in  the  Fatty  Series. — In 
the  formula  C.H^+jCOOH,  which  represents  the  acids  of  the 
iatty  series,  the  oxygen  of  the  carboxyl  group  may  be  partly  or 
wholly  replaced  by  sulphur,  giving  rise  to  three  series  of  bodies, 
CH^^CSOH,  C.H,H-,^OSH,  and  C.H^+,CSSH,  the  first  two 
of  which  are  isomers.  The  confusion  in  naming  these  bodies 
is  avoided  by  adopting  the  suggestion  of  Wurtz  m  his  Diction- 
naire  de  Chimie,  and  prefixing  sulpha  to  the  name  of  the  acid 
when  the  oxygen  in  the  carboxyl  is  replaced  by  sulphur,  as  in  the 
first  formula  above  given,  thia  when  tne  oxygen  of  the  hydroxyl 
is  thus  replaced,  and  thia-^ulpha  when  both  sufier  substitution. 
Only  the  second  of  these  classes  has  been  yet  produced,  thio- 
acetic,  thio-propionic  and  thio-valeric  acids  having  been  studied. 
DuPBB  has  succeeded  in  producing  a  member  of  the  first  series, 
snlpho-propionic  acid,  by  the  action  of  sodium  sulphydrate  and 
byoro^gen  sulphide  upon  ethyl  cyanide,  the  materials  being  placed 
in  a  flask  witn  an  inverted  condenser,  and  heated  on  the  water 
bath  for  five  or  six  days.  The  fiask  contained  two  layers  of  liquid, 
the  upper  one  of  which  was  a  solution  of  sodium  sulphydrate. 
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On  decantiDg  this,  an  oily  liqnid  remained,  which  on  cooling 
became  a  crystalline  mass;  and  this  after  purification  gave  on 
analysis  the  formula  C^H^OSNa,H,0.  To  establish  the  constitu- 
tion of  this  body,  nothmg  more  is  necessary  than  to  convert  the 
hydrate  into  the  chloride,  and  see  if  the  chloride  contains  salphur; 
as  this,  of  course,  could  not  be  the  case  if  it  is  the  hydroxy!  oxy- 
gen which  is  replaced.  For  this  purpose  the  sodium  salt  was 
treated  with  phosphoric  oxyohloride,  and  a  chloride  of  solpho- 
propionyl  C,H^S .  CI  was  obtained,  though  in  minute  qnantities. 
Sodium  sulphopropionate,  C,H^CSONa,  is  very  soluble  in  water 
and  gives  with  lead  acetate  a  white  precipitate  permanent  in  tiie 
cold ;  which  distinguishes  the  sulpho  from  the  thio  salt,  its  isomer, 
which  blackens  at  once.  The  barium  salt  was  also  obtained. — 
BuU,  Soc,  Ch.^  n,  xzix,  303,  April,  1878.  o.  F.  & 

4.  On  the  Synthesis  of  Oxindol, — The  conception  that  isatic  acid 
is  orthoamidophenylelyoxalic  acid  and  that  isatin  is  its  anhydride, 
was  first  enunciated  by  Kekul6  in  1869,  who  announced  his  inten- 
tion to  prepare  orthoamidophenylacetic  acid,  and  from  this  by 
oxidation  to  produce  isatin.  Baeter  has  now  succeeded  for  the 
time  in  preparing  orthoamidophenylacetic  acid,  and  in  showing  its 
ready  conversion  into  oxindol  That  oxindol  is  really  the  anhy- 
dride of  orthoamidophenylacetic  acid  was  proved  by  suida,  who, 
at  Baeyer's  suggestion,  examined  the  question  whether,  in  the 
reduction  of  isatin  to  oxindol,  one  or  two  CO  groups  were  attacked, 
and  if  only  one  whether  it  was  that  group  which  was  attached  to 
the  benzene,  or  the  other  one.     On  analytical  grounds,  the  formula 

(  CH,CO 
C^H^  <  I       was  established  for  oxindol,  thus  answering  the 

problem.  The  synthesis  of  oxindol  is  extremely  simple.  Phenyl- 
acetic  acid  is  nitrated  by  means  of  fuming  nitric  acid,  producing 
nitrophenylacetic  acid.  This  is  reduced  with  tin  and  hydrochloric 
acid  to  amidophenylacetic  acid.  The  acid  liquid  is  neutralized 
with  marble  and  boiled  with  precipitated  barium  carbonate.  The 
isomeric  amido-acids  form  barium  salts,  with  the  exception  of  the 
ortho-acid,  which  decomposes  into  its  anhydride,  and  remains  in 
the  solution,  from  which  the  pure  oxindol  is  extracted  by  ether. 
It  fuses  at  120°,  yields  indol  when  reduced  with  zinc  dust,  and 
yields  the  well  characterized  color  reaction  of  nitrosoxindol  with 
nitrous  acid. — Ber.  Berl,  Chern.  Ges,^  xi,  582,  April,  1878,    g.  f.  b. 

5.  On  Aldehi/dines,  a  new  Class  of  Bases, — Ladenburg  has 
given  the  name  aldehydines  to  a  class  of  basic  bodies  formed  by 
the  condensation  of  one  molecule  of  an  orthodiaraine  and  two 
molecules  of  aldehyde,  with  the  separation  of  two  molecules  of 
water.  For  the  preparation  of  tolubenzaldehydine,  a  mixture  of 
one  molecule  of  ortho-toluyl-diamine  and  two  molecules  of 
benzaldehyde  is  heated  to  140°  in  open  vessels  for  eighteen  hours. 
The  resulting  mass  is  dissolved  in  hot  alcohol,  and  on  cooling  yel- 
low crystals  separate,  which,  dissolved  in  hot  dilute  hydrochloric 
acid,  yield  long  coloricss  needles  of  the  hydrochlorate  of  the  new 
base.     Decomposed  by  ammonia,  the  base  itself  is  obtained,  and 
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is  purified  by  reciystallization  from  alcohol.  It  fuses  at  195*5°, 
crystallizes  in  clear  colorless  monoclinic  prisms,  sublimes  in  small 
quantities,  is  insoluble  in  water,  but  soluble  in  alcohol  and  acetone, 
and  in  dilute  acids.  Its  formula  is  C  H^^N  .  Heated  with  ethyl 
iodide  to  120°,  yellow  crystals  of  tolubenzaldehydine-ethyl  iodide 
are  obtained ;  and  these  treated  with  silver  oxide,  yield  a  strongly 
alkaline  solution  from  which  on  evaporation  an  oil  separated  which 
could  not  be  crystallized.  Oxidized  with  permanganate,  it  gives 
dibenzenylamido-benzoic  acid,  C  H,COOH(NC  Hj,.  Hence,  the 
author  assigns  to  tolubenzal deb y dine  the  probable  rational  formula 

(  NCC.H. 
C.H,  {   X  •     Tolufurfuraldehydine,  and  tolusalicylaldehydine 

/  NCC.H, 
— ^to  which  he  gives  the  special  name  azurine  because  of  its  mag- 
nificent blue  fluorescence — are  also  described. — Ber.  Berl.  Cliem, 
Ges.j  xi,  590,  April,  1878.  g.  p.  b. 

6.  On  the  Preparation  and  Properties  of  Invertin. — Babth  has 
investigated  exhaustively  the  substance  which  is  the  inverting 
constituent  of  yeast,  and  which  Donath  called  invertin.  To  pre- 
pare it,  compressed  yeast,  freshly  prepared,  is  coarsely  pulverized, 
spread  out  in  a  capsule,  and  dried  at  a  temperature  not  exceeding 
40°,  until  it  can  be  rubbed  to  a  fine  powder  between  the  fingers. 
It  is  then  heated  on  an  air  bath  to  100°  to  105°  for  six  hours, 
mixed  with  water  to  a  thin  magma,  allowed  to  stand  for  twelve 
hours  at  40°,  strained,  and  then  filtered.  The  clear  yellowish 
filtrate  is  poured  into  ^Ye  or  six  times  its  volume  of  95  per  cent 
alcohol,  by  which  a  white  flocculent  precipitate  is  produced,  which 
by  strong  agitation  becomes  granular,  and  may  be  easily  filtered 
off  To  free  the  ferment  from  albuminates — which  this  treatment 
with  alcohol  renders  insoluble  in  water — the  precipitate  is  freed 
from  alcohol  by  pressure,  digested  in  just  sufiicient  water  for  solu- 
tion, and  filtered  ;  the  albuminates  remain  on  the  filter  as  a 
^latinous  mass.  On  pouring  the  filtrate  into  alcohol,  the  ferment 
IS  precipitated  in  the  pure  form.  It  is  filtered  ofi*,  washed  with 
absolute  alcohol  at  least  ten  times,  the  excess  of  alcohol  expressed 
and  the  precipitate  dried  in  vacuo.  The  yield  is  about  two  grams 
from  five  hundred  of  yeast.  Invertin  thus  obtained  is  a  white 
powder,  ^ving  a  clear  yellowish-brown  neutral  solution  with 
water,  which,  boiled  with  acetic  acid  and  salt,  is  not  rendered 
turbid,  showing  that  it  is  neither  an  albuminate  itself  nor  contains 
one  as  an  impurity.  Boiled  with  dilute  copper  solution  and 
sodium  hydrate,  no  violet  color  appears,  showing  the  absence  of 
peptones.  No  leucin  could  be  detected  on  long  boiling  with  sul- 
phuric acid.  On  analysis  it  yielded  22  per  cent  of  ash,  consisting 
of  potassium,  calcium  and  magnesium  phosphates.  Calculating 
this  out,  it  contained  carbon  43*9  per  cent,  hydrogen  8-4  per  cent 
lutrogen  6*0  per  cent,  sulphur  0*68  and  oxygen  (by  loss)  41*17  per 
oenU  Experiments  on  the  activity  of  invertin,  using  cane  sugar 
Bolution,  showed  that  it  is  dependent  on  the  concentration  of  the 
nigar  solution,  is  proportional  to  the  quantity  of  the  ferment 

Am.  Joub.  Soi.— Thibd  Sbribb,  Vol.  XVl,  No.  9L— July,  1878. 
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present,  reaches  its  limit  in  about  forty  hours,  and  that  one  part 
of  invertin  produces  760  parts  of  inverted  sugar  as  a  maximam.— 
Ber.  Berl  Chem,  Oes.y  xi,  474,  March,  1878.  g.  f.  b. 

7.  On  the  occurrence  of  AUantoin  and  Hippuric  acid  in  the 
Urine  of  the  Dog, — Salkowski  has  confirmed  fully  the  statement 
of  Meissner  that  both  allantoin  and  hippuric  acid  occur  in  the 
urine  of  the  dog.  In  the  attempts  to  dissolve  the  crystalline 
residue  of  the  evaporation  of  the  urine  of  a  doe  in  cold  water,  he 
noticed  that  a  not  inconsiderable  mass  remained  undissolved.  By 
recrystallization  from  hot  water,  crystals  of  pure  allantoin  were 
obtained.  The  amount  given  was  0*8  gram  m>m  the  urine  of  four 
days,  the  dog  being  fed  on  meat  The  hippuric  acid  was  detected 
in  the  urine  of  the  four  days'  experimented  with,  when  hungry,  when 
fed  on  meat,  and  when  the  intestine  was  ligated.  As  a  maximum 
it  reached  one  one  hundred  and  twenty-ninth  of  the  urea.  It  was 
never  entirely  absent,  even  when  no  food  or  only  purely  animal 
food  was  given  ;  and  the  lijgation  seemed  to  be  without  inflaenoe. 
— Ber,  BerL  Chem,  Oes,y  xi,  600,  March,  1878.  o.  f.  b. 

8.  On  the  Coloring  Matter  of  the  Sheila  of  Birds'*  JEgge. — ^The 
brilliant  and  remarkably  permanent  color  of  the  eggs  of  many 
birds  has  led  Libbbbmann  to  the  investigation  of  its  cause,  m 
finds  that  however  widely  different  these  colors  are  from  each 
other,  they  are  due  essentially  to  but  two  coloring  matters,  one  a 
blue  or  green  substance,  probably  a  biliary  coloring  matter,  the 
other  characterized  by  a  remarkable  absorption  spectrum.  These 
coloring  matters  are  contained  in  the  superficial  layer  of  the  shell, 
often  in  several  thicknesses.  When  the  shell  is  treated  with 
dilute  hydrochlonc  acid,  the  coloring  matter  separates  in  fiocks, 
and  by  treatment  with  alcohol  a  strong  solution  may  be  obtained. 
With  the  eggs  of  gulls  and  plovers,  an  unsucccssfiil  attempt  was 
made  to  obtain  the  coloring  matter  pure.  The  colored  alcoholic 
solution  shows  two  sharp  absorption  bands,  one  on  each  side  of 
the  D  line,  when  strongly  acid.  When  alkaline,  four  weaker 
bands  appear,  none  of  which  are  coincident  with  the  first. — Ber, 
Berl,  Chem,  Ges,^  xi,  606,  April,  1878.  G.  p.  b. 

9.  CJiemistry  in  Space,  —  Speculations  on  the  forms  of  mole- 
cules and  the  arrangement  of  the  atoms  in  space  are  generally  as 
useless  to  the  scientific  world  as  they  are  entertaining  to  their 
authors,  and  are  therefore  almost  exclusively  confined  to  fanciful 
chemists,  like  J.  G.  McVickers,  D.D.,  LL.D.,  who  draw  from  their 
imaginations  most  beautiful  and  svmraetrical  pictures  of  mole- 
cules, which  resemble  nothing  earthly  unless  those  many-angled 
ornaments  made  of  straw  or  perforated  card-board  so  common  in 
the  windows  of  farmhouses.  The  pamphlet  on  "Chemistry  in 
Space"  recently  published  by  Van't  Hoff"  must  not  be  confounded 
with  these  amusing  but  unprofitable  examples  of  the  so-called 
chemistry  of  the  future,  as  its  sole  object  is  to  establish  a  theoret- 
ical explanation  of  those  cases  of  isomerism,  usually  called  phys- 
ical, and  not  accounted  for  by  our  present  plane  chemical  formulas. 
Its  importance  is  shown  by  a  most  complimentary  preface  written 
by  Wislizenus  for  the  German  edition,  and  perhaps  quite  as  well 
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by  a  Tiolent  oriticism  from  the  great  chemical  Ishmaelite,  Kolbe, 
Wiio  never  deigns  to  attack  any  but  the  most  important  theories. 
The  principal  points  made  by  VanH  Hoff  may  be  stated  briefly  as 
follows :  First.  If  the  four  affinities  of  an  atom  of  carbon  project 
from  it  toward  the  angles  of  a  regular  tetrahedron,  and  each  of 
these  affinities  is  satisfied  by  a  different  radical,  two  isomers  are 
posrible  (instead  of  none  as  predicted  by  the  same  formula  con- 
oeiTed  as  a  plane  figure)  because  there  are  two  arrangements  of 
these  radicals  which  cannot  be  made  to  coincide  by  any  change  of 
position.  One  of  these  stands  to  the  other  in  the  same  relation  as 
that  of  any  object  to  its  image  in  a  looking-glass.  For  example, 
one  of  the  carbon  atoms  in  lach6  acids  is  attached  to  four  different 
radicals  (CH„  GOOH,  H,  HO),  and  we  find  two  lach6  acids 
accordingly,  one  from  milk,  the  other  from  fiesh,  resembling  each 
other  in  chemical  relations  most  closely,  but  differing  in  physical 
properties.  Second,  In  unsaturated  compounds  where  two  car- 
Don  atoms  are  united  along  one  edge  of  the  tetrahedra,  two 
isomers  are  possible,  if  the  two  free  affinities  in  each  carbon  atom 
are  satisfied  by  different  radicals;  for  instance  in  maleic  and 
fiunaric  acids  each  carbon  atom  is  attached  to  COOH  and  to  H  ; 
if  the  two  carboxyls  are  adjacent  we  have  maleic  acid,  thus 
accounting  for  the  ease  with  which  its  anhydride  is  formed,  while 
in  fumaric  acid  each  carboxyl  is  adjacent  to  a  hydrogen  atom, 

HOOC  H  HOOC  H 

V  V 

0  c 

Maleic  acid,        I  Fumaric  acid,  I 

HOOC  H  H  COOH 

This  is  certainly  a  simple  and  probable  explanation  of  this  puz- 
iling  case  of  isomerism,  which  drove  Fittig  m  his  recent  classical 
work  on  the  unsaturated  acids  to  the  undesirable  assumption  of  a 
bivalent  carbonatom  as  the  only  explanation  possible  on  the  old 
theories.  Third.  The  phenomena  of  circular  polarization  can  be 
explained  by  a  spiral  arrangement  of  the  different  radicals 
attached  to  a  carbonatom ;  according  as  this  screw  turns  to  the 
right  or  the  left  would  the  plane  of  polarization  be  deflected  in 
one  or  the  other  direction ;  while  two  atoms  with  opposite  spirals 
in  the  same  molecule  would  give  an  inactive  substance.  By  this 
hypothesis  the  different  forms  of  tartaric  acid  and  the  differences 
between  dextrose  and  levulose  can  be  fully  explained. 

The  limits  of  this  notice,  and  the  absence  of  figures,  render  it 
impossible  to  do  justice  to  this  extraordinary  little  pamphlet  of 
VanH  HoflTs,  which  will  richly  pay  the  trouble  of  reading,  as 
there  can  be  no  doubt  that  it  contains  a  large  and  important  addi- 
tion to  our  chemical  theories,  and  marks  out  a  great  number  of 
new  lines  for  experimental  work.*  o.  l.  j. 

^  Ia  Chimie  dans  rEspaoe,  J.  H.  Yan't  HofL    Botterdftm,  1816.    Translated  by 
f.  Hermann  as  Die  Lagmmg  der  Atome  in  Baume.    Yieweg  und  Sohn.   1877. 
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10.  Studies  in  Spectrum  Analysis ;  by  J.  Norman  Lockteb, 
F.K.S.  268  pp.  8vo.  New  York  (D.  Appleton  &  Co. — Interna- 
tional Scientinc  Series). — Professor  Lockyer's  name  has  been  so 
long  connected  with  the  subject  of  spectrum  analysis  that  a  new 
work  by  him  can  hardly  need  commendation.  The  book  com- 
mences with  a  theoretical  explanation  of  sound-waves,  and  light- 
waves, and  goes  on  to  explain  the  methods  of  demonstrating  spec- 
trum phenomena.  Other  chapters  are  devoted  to  spectrum  photo- 
graphy, the  spectra  of  salts,  dissociation,  quantitative  spectrum 
analysis,  results  of  the  study  of  the  sun  with  the  spectroscope, 
and  other  kindred  subjects.  The  work  is  a  collection  of  interest- 
ing essays  written  in  a  clear  and  simple  style,  with  excellent  illus- 
trations, and  embodying  what  is  newest  in  this  branch  of  science. 
Taken  together,  however,  the  subjects  are  somewhat  wanting  in 
connection. 

11.  Geology  and  Mineralogy. 

1.  On  Terrace  Levels  in  Pennsylvania;  by  Prof.  J.  P.  Lesley, 
Director  of  the  Pennsylvania  Geological  Survey.  Letter  to  J.  D. 
Dana,  dated  Philadelphia,  May  27,  1878. — In  my  preface  to  Prof 
L  C.  White's  Report  of  Progress  Q  on  Alleghany,  Butler  and 
Beaver  Counties  lying  on  the  north  side  of  Ohio  river,  in  Western 
Pennsylvania,  I  have  ventured  to  discuss  the  character  of  the  ter- 
race deposits  along  that  river,  and  along  the  Monongahela  river ; 
not  with  any  hope  of  solving  one  of  our  hard  problems,  but  to 
place  a  provisional  picture  of  the  facts,  thus  far  collected  by  Pro£ 
Stevenson  and  Prof.  White,  before  the  attentive  consideration  of 
other  gentlemen,  engaged  in  the  study  of  our  surface  deposits  in 
other  districts  of  the  State.  VV^hat  opinions  I  ventured  with 
much  hesitation  to  express  were  not  entirely  approved  of  by 
Prof.  Stevenson  and  Prof  White,  who  had  the  best  right  in  the 
world  to  their  view  because  so  familiar  with  the  field.  My  own 
opinions  were  based,  however,  not  only  on  the  phenomena  ex- 
hibited there,  but  on  a  large  body  of  facts  exhibited  in  other 
parts  of  the  State.  And  yet  I  hold  them  very  lightly;  lor  there 
is  a  great  deal  still  to  be  learned  before  the  order,  extent  and 
nature  of  the  events  of  the  Champlain  period  can  be  made  out 
satisfactorily. 

I  drew  the  contour  curve  of  1,300  feet  above  tide  around  the 
sides  of  all  the  valleys  of  Western  Pennsylvania,  to  see  how  a 
submergence  of  that  magnitude  would  account  for  the  terraces  (or 
some  of  them)  and  for  the  distribution  of  the  perched  azoic 
blocks,  confined  geographically  to  the  country  west  of  the  Beaver 
River  and  north  of  the  Ohio ;  and  I  concluded  that  a  submergence 
to  that  extent  was  probable ;  also,  that  the  upper  clay  terraces 
represent  the  sloping  plains  of  mud  which  during  that  submer- 
gence were  deposited  in  the  valleys,  by  ordinary  deposit  from  the 
surrounding  and  intervening  coal-measure  high  lands.  I  have  (it 
is  needless  to  say)  always  considered  our  whole  topographical 
sculpture  nearly  accomplished  and  finished  previous  to  the  com- 
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mencement  of  this  era  of  late  and  temporary  submergence;  and  I 
am  still  unable  to  see  any  need  for  changing  my  old  views.  I 
still  believe  that  the  valleys  have  been  refilled  and  are  being  re^x- 
cavated ;  the  terraces  being  only  residual  strips  of  Charaplain 
clay  left  clinging  to  and  upon  older  rock-terraces  worn  by  the 
ancient  erosion  out  of  the  hard  and  soft  horizontal  layers  of  the 
coal-measure  mass. 

I  have  just  received  a  letter  from  Prot  White,  announcing  an 
important  discovery  bearing  weightily  upon  the  subject  in  ques- 
tion, made  by  Prof.  Fontaine  and  himself  about  two  miles  from 
Morgantown  in  West  Virginia.  Here  a  broad  level  reach  of 
country,  called  the  Flats,  extends  from  two  to  four  miles  back 
from  the  Monongahela  river,  toward  the  east,  and  south  of  the 
Pennsylvania  State  line.  When  critically  examined,  the  whole 
area  of  the  Flats  was  found  to  bo  '^  covered  to  an  unknown 
depth  with  a  very  fine,  tough,  aluminous,  creamy- white  clay,  con- 
taining immense  numbers  of  vegetable  remains  in  the  most  perfect 
state  of  preservation  of  which  it  is  possible  to  conceive."  Only  a 
small  collection  has  as  yet  been  made  and  a  few  weeks  must 
elapse  before  a  sufliciently  large  collection  can  be  made  to  decide 
the  point  how  far  the  plant-forms  differ  from  those  of  our  present 
local  flora. 

The  top  of  the  deposit  is  about  300  feet  above  the  river,  which 
would  make  it  more  than  1,200  feet  above  tide.  £nelish  geolo- 
gists would  be  very  apt  to  suggest  a  glacial  dam  at  Pittsburgh  to 
account  for  such  deposits  in  the  water  basin  of  the  Monongahela 
River.  But  there  is  no  such  short  cut  to  an  explanation  of  a 
phenomenon  coextensive  with  half  a  dozen  States  of  the  Union. 

Mr.  White  says  the  level  of  the  Flats  must  be  about  the  same 
with  that  of  the  pottery-clays  so  extensively  worked  at  Greens- 
boro and  Geneva  in  Fayette  County.  He  adds  that  on  the 
"  Second  Terrace  "  (of  Prof.  Stevenson's  series)  below  Morgan- 
town,  Mr.  Keek  in  sinking  a  well  70  feet  deep,  passed  through 
continuous  silt  and  clays,  and  no  rock.  Prof  Stevenson's  third 
Report  of  Progress  (lettered  KKK)  is  just  coming  from  the  press, 
and  will  be  read  witn  great  interest  by  geologists  who  busy  them- 
selves with  the  more  recent  deposits. 

2.  Cretaceous  and  Tertiary  of  Charleston^  S.  C.  —  Lieutenant 
A.  W.  VoGDKS,  U.  S.  A.,  in  a  communication  to  the  Charleston 
News  and  (courier  for  April  9th,  states  that  in  the  Artesian  bor- 
ing at  the  Citadel,  Charleston,  the  Cretaceous  formation  was 
reached  at  a  depth  of  960  feet,  where  occurred  Exogyra  costata^ 
and  other  fossil  shells,  among  them  a  new  Chama,  which  he 
names  Chama  Charlestonensis.  The  Exogyra  continued  to  be 
brought  up  to  a  depth  of  1,825  feet,  and  with  it  at  the  lower 
depth  were  obtained  Ptychodus  Mortoni,  Oryphasa  IHlcheri^ 
Ostrea  cretacea^  etc.  The  present  depth  of  the  well  is  1,870  feet, 
and  Lieutenant  Vogdes  believes  that  they  are  at  work  in  the 
*' second  bed  of  the  Cretaceous  above  the  underlying  granite, 
specimens  of  water-worn  gravel  and  sand  of  decomposed  granite 
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myw  being  broosht  up  ;**  mnd  tlist  tlie  whole  depth  from  the  snr- 
£Mre  to  the  znaate  will  probabl  j  be  found  to  be  2,000  feet. 

The  owmjmg  Eocene  consists  of  the  Lo^ieer  Eocene  or  Bahr- 
stone  groop,  wmch  has  a  thickness  at  Aikeo  of  200  feet  and  rests 
on  the  granite,  and  of  250  feet  at  Charieston ;  the  Middle  or 
Santee  beds,  which  hare  a  thkkness  of  300  feet  at  Charleston, 
and  were  formerly  known  as  the  Calcareoos  beds  of  the  Charles- 
ton basin ;  and  the  Upper,  which  includes  the  Cooper  and  Ashlej 
g^nps,  abont  300  feet  thick  in  the  Artesan  boring.  Next  comes 
the  later  Tertiary,  called  by  Lieutenant  V<^des  Pliocene,  which 
rests  upon  the  Cooper  group,  and  at  Goose  Creek  is  about  12  feet 
thick ;  it  is  stated  to  contain  45  per  cent  of  recent  shells^ 

3.  Tueaiafi  Carai  JSeefs,  and  Cuba  eUvaUd  Coral  J?odt— Prof 
A.  Agassis,  in  his  ^Letter  No.  1  ^  on  "Dred^g  operations  of  the 
TJ.  8.  Coast  Survey,  Schooner  ^  Blake,'  dnrmg  parts  of  January 
and  February,  1878,''  describes  the  coral  reefs  of  the  Yucatan 
coast  and  land,  and  also  the  life  of  the  sea  bottom  from  there  to 
the  Florida  Rc^fs.  He  states  that  the  fauna  of  the  Yucatan  bank 
is  identical  with  that  of  Florida.  Alacran  reef,  on  this  bank,  is 
an  atoll,  eUiptical  in  form,  about  14  miles  long  and  8  wide,  with 
a  depth  of  1  to  6  fathoms  inside,  where  are  growing  over  the 
shallower  parts  ^huge  masses  of  Awircea,  Ocrgoniay  Meandrinay 
and  MoAipcra  palmata^  which  occasionally  rise  to  the  surface." 
The  reef  is  steep  to  the  eastward  and  slopes  gradually  to  the  west- 
ward. The  structure  is  identical  with  that  of  the  main  Florida 
reef^  and  those  of  the  northern  coast  of  Cuba.  In  Cuba  eyidence 
of  great  elevation  is  seen  in  the  existence  of  ancient  coral  reefs  in 
the  hills  surrounding  Havana  and  extending  to  Matanzas,  these 
hills  being  1200  feet  high  and  consisting  entirely  of  corals  identical 
in  species  with  those  now  living. 

Large  numbers  of  siliceous  sponges  were  brought  up  on  the 
Cuban  coast,  the  living  J^avosites,  '*  perhaps  the  most  interesting 
coral  ever  dredged,"  together  with  many  of  the  corals  collected 
by  Count  Pourtal^  on  the  rocky  plateau  south  of  the  Florida 
reefs  in  200  to  300  fathoms. 

4.  7%«  Richmond  Botolder  Trains, — These  trains  of  bowlders, 
first  made  known  by  Dr.  Stephen  Reid,  and  described  by  Prof. 
Edward  Hitchcock  and  later  by  Lyell,  have  been  studied  with  care 
by  E.  R.  Bentox,  and  a  description  and  map  of  them,  with  an  ex- 
cellent discussion  of  the  facts,  is  contained  in  Bulletin  Xos.  2-3, 
of  vol.  V,  of  the  Museum  of  Comparative  Zooloey,  Cambridge, 
1878. 

6.  Discovery  of  the  Cleveland  Shale  in  Delaware  County^  Ohio; 
by  L.  E.  Hicks,  Prof.  Nat.  ScL,  Denison  University,  Granville, 
Ohio.  (Communicated.) — Among  the  subordinate  questions  con- 
nected with  the  Waveriy  group  are  those  arising  from  the  attempt 
to  synchronise  its  sections  in  Southern  and  Central  Ohio  with  that 
at  Cleveland,  upon  which  Xewberry  based  his  subdivisions.  This 
section  is  as  follows,  beginning  with  the  summit  of  the  series : 
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Cuyahoga  Shale 1 50to  250  feet  thick. 

BereaGrit 60  feet  thick. 

Bedford  Shale 76  feet  thick. 

Cleveland  Shale 21  to  60  feet  thick. 

Of  these  four  members,  so  well  and  distinctively  developed  in 
Cuyahoga  County,  only  the  last  uniformly  retains  its  typical 
character  in  Central  and  Southern  Ohio.  It  is  everywhere  a  black 
bituminous  shale  containing  scales,  spines  and  teeth  of  fishes,  and 
shells  of  a  small  species  of  Lingula.  Not  only  is  it  uniform,  but 
it  is  unique,  botn  in  respect  to  its  fossils  and  its  lithological 
characters.  In  the  latter  particular,  it  is  true,  it  closely  resem- 
bles the  Huron  shale  (Devonian).  But  the  two  never  exist  together 
in  immediate  contact.  In  Northern  Ohio  they  are  separated  by 
the  Erie  shale  (Chemung) ;  on  the  Ohio  River  by  1 47  feet  of  shales 
and  sandstones  of  the  Lower  Waverly ;  and  in  Central  Ohio  by  75 
to  100  feet  of  shales,  siliceous  limestone  and  sandstone. 

On  account  of  the  great  variations  in  lithological  aspect  of  the 
other  members,  and  the  persistent  uniformity  of  the  Cleveland 
shale,  the  latter  is  the  only  reliable  guide  in  determining  the  rela- 
tions of  associated  strata.  I  have  just  made  the  discovery  that  an 
unmistakable  outcrop  of  Cleveland  shale  exists  two  miles  east  of 
Sunbury  in  Delaware  County,  Southern  Ohio,  on  the  land  of 
Horace  Whitney.  It  lies  above  the  calcareous  sandrock  of  the 
Sunbury  quarries,  which  Prof.  N.  H.  Winchell,  a  special  assistant 
on  the  Ohio  geological  survey,  identified  as  Berea  grit.  My  dis- 
covery demonstrates  the  incorrectness  of  that  identification,  and 
raises  a  strong  presumption,  amounting  almost  to  a  certainty, 
that  he  was  equally  wrong  in  respect  to  nis  Berea  grit  in  Morrow 
and  Crawford  counties.  I  risk  the  prediction  that  the  Cleveland 
shale  will  yet  be  found  to  the  east  of  the  supposed  Berea  at  Mt. 
Gilead,  Iberia  and  Leesville. 

6.  Jurassic  fossils  in  the  Coast  Range  of  British  Columbia, 
— Mr.  J.  F.  Whiteaves  has  described  the  Jurassic  fossils  collected 
by  Mr.  G.  M.  Dawson,  mostly  from  the  vicinity  of  Iltasyouco 
River,  a  tributary  of  Salmon  River,  and  Sigutlat  Lake.  The 
author  concludes  that  nine  of  the  twenty-eight  species  are  identi- 
cal with  those  of  Jurassic  rocks  of  Dakota  described  by  Meek, 
namely:  GryphoM,  calceola  var.  Nebrascensis^  Camptonectes  exr 
tenucUuSy  Mimicrotis  curta,  Modiola  (  VolseUa)  formosa^  M.  per- 
tenuis^  Grammatodoji  inomatuSj  Astarte  fragilis^  Pleurofnya 
subettiptica,  Planorbis  vetemus.  The  other  species  include  Lima 
dxtplicata  Sowerby,  ISt^hanoceras  Humphreysianum  Sowerby, 
TleiuTomya  unioides  Roemer,  Astarte  ventricosa  Meek,  a  species 
described  from  Jurassic  rocks  of  Nevada,  Trigonia  Bawsoni 
Whiteaves,  also  identical  with  a  Nevada  species,  a  Belemnites,  etc. 
The  species  are  stated  to  be  probably  either  Liassic  or  Lower 
Oolite.  Mr.  Whiteaves  remarts  that  the  Upper  Trias  is  known 
to  extend  from  Mexico  to  British  Columbia,  and  that  Monotis 
sftbci'reularis  of  Gabb  has  been  found  recently  in  the  northern  part 
of  Vancouver  Island,  on  Peace  River  on  the  mainland,  and  on 
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Upper  Pine  River  east  of  the  mountains ;  and  that  the  Jarasric 
ana  Cretaceous  seas  were  probably  equally  extensive ;  that  some 
Texas  Cretaceous  species  have  been  found  in  deposits  of  the  same 
a^e  on  Peace  River  and  on  Vancouver  Island ;  that  during  the 
Mesozoic  there  was  no  Rocky  Mountain  barrier  separating  the 
species  east  from  those  west. 

7.  ITiesauma  Devontco-Carboni/erus;  The  Flora  and  JFhtMna 
of  the  Devonian  and  Carboniferoua  Periods^  with  larse  Addenda 

ifrom  recent  acquisitions) ;  by  John  J.  Bigsby,  MjD.,  F.R.S,, 
r.G.S.  448  pp.  4to.  London,  1878.  (J.  Van  Voorst)— Ten 
years  have  passed  since  the  publication  of  the  Thesaurus  Siluricus 
by  Dr.  Bigsby ;  and  now  has  appeared  a  volume  still  larger,  and 
equally  elaborate  and  complete,  on  the  Devonian  and  Carbonifer- 
ous Periods.  Like  the  former  work,  it  gives  tables  of  the  names 
of  all  known  species  of  fossil  plants  and  animals  from  the  rocks 
of  the  formations  under  consideration,  and  these  tables  are  so 
constructed  as  to  exhibit  the  horizons  of  the  species,  their  recur- 
rences, localities,  references  to  the  places  where  described,  and  the 
synonymy  of  genera  and  species.  In  addition,  the  author  lays 
down  his  deductions  from  a  survey  of  the  facts,  describes  sections 
of  the  Devonian  and  Carboniferous  in  Great  Britain,  various 
countries  of  Europe,  and  in  other  parts  of  the  world ;  gives  lists  of 
the  fossils  of  these  countnes,  thiity  in  number,  and  a  catalogue  of 
the  works  and  memoirs  on  the  subject.  The  volume  is  hence  most 
truly  a  '^  thesaurus,"  and  will  be  so  found  by  all  American  as  well 
as  other  geologists.  The  author  observes  that  the  number  of 
Silurian  species  known  at  the  time  of  publication  of  his  work 
(February,  1878)  is  about  9500,  of  Devonian  5600,  of  Carbonifer- 
ous 8700. 

Dr.  Bigsby  spent  five  summers  in  traveling  through  the  Cana- 
das,  ea8t  ana  west,  together  with  the  State  ot  New  York  and  the 
States  bordenng  on  the  Great  Lakes,  and  the  country  northward  to 
Hudson's  Bay,  and  thus  has  had  personal  acquaintance  with  the 
older  American  rocks  and  their  fossils,  and  also  with  many  Amer- 
ican geologists. 

Ill   Botany  and  Zoology. 

1.  TTie  Xative  Flowers  and  Ferns  of  the  United  States  ;  by 
Thomas  Meehan.  Illustrated  by  chromo-lithographs.  Boston  : 
L.  Prang  &  Co.  Parts  I  and  II,  not  dated,  but  issued  in  May,  1 878. 
Each  part  with  4  plates  and  16  pages  of  letter-press.  Imp.  8vo. 
Published  at  50  cents  each. — From  the  title  this  work  might  be 
thought  to  be  a  combination  of  Isaac  Sprague's  Wild  Flowers  of 
America  and  Professor  Eaton's  Ferns  of  North  America.  But  its 
aim  is  somewhat  different.  There  is  no  attempt  to  rival  the  ex- 
quisiteness  of  these,  and  the  size  is  smaller.  The  endeavor  here  is 
to  give  good  figures  at  a  wonderfully  low  price.  In  the  work  on 
Ferns  we  have  three  plates  (many  with  two  species)  for  a  dollar ; 
here  we  have  four  for  half  the  money.     And  the  publishers,  the 
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well  known  firm  of  Prang  and  Company,  have  certainly  done  their 
work  well,  considering  the  price,  which  must  increase  rapidly  with 
the  number  of  stones  usod  and  the  number  of  color-impressions 
necessary  to  give  the  right  effect.  If  we  judged  the  draughtsman 
from  his  representation  of  Anemo7ie  nemorosa  we  could  highly 
commend  his  work.  If  we  took  those  of  Gelsemium  and  Aquilegia 
chrysantha  as  the  type,  we  could  do  no  such  thing.  But  we  have 
an  idea  that  the  artist,  Mr.  Alois  Lunzer,  is  not  to  be  judged  by 
these,  and  that  his  capacity  for  improvement,  already  manifest, 
has  not  reached  its  limits.  It  costs  the  lithographers  no  more  to 
work  from  first-class  drawings,  than  from  those  of  mediocre  quality ; 
and  if  they  can  afford  to  carry  on  the  work  at  all  at  the  present 
rate,  it  will  doubtless  be  very  popular ;  for  it  appeals  to  a  large 
class,  and  supplies  a  felt  want.  It  is  not  the  scientific  botanist 
who  is  addressed,  so  much  as  the  numerous  array  of  flower-lovers, 
who  wish  to  identify  the  plants  thev  cultivate  or  observe,  and  that 
in  the  readiest  and  to  them  the  chief  practicable  way,  namely,  by 
a  pj^te  or  picture. 

The  letter-press  is  suited  to  the  plates  by  its  equally  popular 
character  ana  aim;  but  Mr.  Meehan  bi-ings  in  a  good  deal  of 
botanical  loi'e  and  some  philosophical  disquisition,  for  which  he 
has  a  remarkable  aptitude.  He  has  well  proved  his  capacity  for 
such  an  enterprise  as  this ;  but  the  rate  at  which  it  is*  to  proceed, 
calling  for  sixteen  pages  every  fortnight,  may  task  the  powers  of 
the  most  energetic.  In  the  rapid  and  discursive  writing  it  calls 
for,  statements  will  often  fall  from  the  pen  which  need  qualification 
or  discrimination,  such  as  that  on  the  first  page,  in  which  Tourne- 
fort  is  joined  with  Linnseus  as  having  ^'  made  botany  simple  by 
reducing  the  Latin  names  given  to  each  plant  to  two,  the  generic 
and  the  specific.''  A  semi-anachronism.  On  p.  20,  describing  the 
blossom  of  the  Blue  Violet,  and  referring  to  the  spui'-like  appen- 
dages to  the  lower  anthers,  Mr.  Meehan  writes : 

^  Some  have  contended  that  the  projection  is  used  as  a  lever, 
which,  on  being  raised  by  an  insect  in  search  of  nectar,  causes 
pollen  to  be  thrown  on  the  insect's  back,  and  the  pollen  is  thus 
taken  to  another,  thus  cross-fertilizing  it ;  but  as  in  this  Violet  the 
spur-membrane  is  so  closely  fitted  to  the  '  lever '  that  it  cannot 
work,  it  shows  how  wholly  imaginary  these  speculations  are."  What 
is  included  in  "these  speculations"  is  not  further  explained.  But 
this  particular  speculation  is  so  out  of  keeping  with  the  obvious 
facts  that  we  are  should  think  it  not  only  "  imaginary  "  but  till 
DOW  unimagined.  SprengePs  speculations  upon  the  relations  of 
insects  to  the  violet,  as  reproduced  by  Lubbock,  contain  nothing 
of  this  sort.  His  conjectures  had  the  merit  of  being  founded  on 
genuine  observations,  have  been  in  great  part  confirmed,  and 
ought  not  to  be  set  aside  by  silently  coupling  them  with  an  absurd 
and  '^wholly  imaginary"  one. 

Our  criticism  of  details  like  these  must  be  taken  as  expressive 
of  our  earnest  desire  that  a  work  like  this,  which  seems  likely  to 
succeed,  and  which  has  our  best  wishes,  should  be  as  free  as  possi- 
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ble  from  flaws  and  short-oomings.  High  art  and  exact  science  we 
do  not  expect ;  but  completeness  and  substantial  correctness  may 
be  looked  for.  a.  g. 

2.  Monographia  JdetzgericB ;  auctore  S.  O.  Likdbxbo.  —  A 
pamphlet  of  48  paees  and  two  plates  (leaf-sections)^  8yo;  gives 
eleven  species  to  this  genus  of  IfepcUiccB^  besides  two  of  Mr. 
Austin's  admitted  as  subspecies.  Separate  issue  of  a  paper  in  the 
Proceedings  of  the  Fennian  Society  at  Helsin^ors.  a.  g. 

3.  BryinecB  Acrocarpce:   Utkart  tiU  en  Natvrlig  grupperung 

rEuropaa  Bkidmossor  med  toppoisiande  Prukt.    Program  af 
O.  LiNDBEBO.     Helsinefors,  1878. — A  sketch  of  a  new  and  nat- 
ural  arrangement  of  the  Acrocarpic  Mossea  a.  g. 

4.  Ferns  of  Trinidad.  —  Mr.  Augustus  Fendleb,  who  began 
his  botanical  work  as  a  collector,  thirty  years  ago,  when  he  first  ex- 
plored the  region  of  Santa  Fe,  New  Mexico,  and  made  an  admiral 
Die  and  well  known  collection,  and  who  afterwards  made  still 
larger  collections  in  Venezuela,  is  now  resident  in  the  Island  of 
Trinidad.  He  proposes  to  collect  all  the  species  of  Ferns  and 
fern-like  plants  of  tnat  rich  tropical  island,  and  to  distribute  them 
in  sets.  The  first  installment,  containing  complete  and  handsome 
specimens  of  78  species,  is  just  received  in  excellent  condition. 
The  price  is  $7.50  for  a  set.  Application  may  be  made  to  the 
Curator  of  Harvard  University  Herbarium,  Cambridge,  Masa 
The  species  will  speedily  be  named  by  Professor  Eaton,  of  Tale 
College,  and  a  pnnted  list  furnished.  a.  g. 

5.  JFlora  Brasiliensia,  Fasc.  78,  issued  in  October  last,  contuns 
the  LythraceGe^  by  Koehne,  of  Berlin,  a  new  collaborator,  and 
apparently  an  able  one.  Under  the  genus  Cuphea^  of  which  the 
Brazilian  empire  contains  seventy-four  species,  the  editor  has 
given  a  synopsis  of  all  the  known  species,  which  will  be  very 
useful,  as  many  are  in  cultivation.  Dr.  Koehne  is  probably  quite 
right  in  his  opinion  that  Lytlirum  JSy»8opifolia  is  not  indigenous 
to  North  America;  also  that  two  or  three  species  are  to  be  dis- 
tinguished among  the  plants  referred  to  lAfthrum  alaium  Pursh, 
in  Porrey  and  Gray's  Flora  of  North  America,  and  other  works. 
He  follows  Hiern  m  restoring  the  genus  Rotala^  which  includes 
Aiudetla^  Sujffrenia,  etc.,  and  extends  it  to  take  in  Hydroly thrum 
and  lihyacophila  ( Quarti?ita)  also.  Upon  the  propriety  of  this 
we  are  not  ready  to  pronounce ;  but  we  are  confident  that  the 
separation  from  Ammania  ought  not  to  be  made  simply  on  the 
difference  in  the  dehiscence  of  the  capsule  and  the  number  of 
flowers  in  the  axils,  thus  throwing  our  two  common  United 
States  species  into  different  genera.  Nor  has  Ammania  humilis 
Michx.,  a  cartilaginous  capsule;  it  is  really  membranaceous  and 
thin;  but  the  nearly  regular  opening  at  the  summit  by  short 
valves,  instead  of  irregular  lateral  bursting,  well  distinguishes  the 
species  from  the  A.  latifolia.  As  to  the  latter  species,  it  still  ap- 
pears most  probable  that  it  includes  both  a  form  with  subsessile 
stigma  and  prevailingly  apetalons  (-4.  latifolia  of  the  Fl.  Bras., 
A,  lingiUata  Griseb,  etc.,)  and  one  with  longer  style  {A.  sanguin- 
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alerUa  Swarts,  eto.,^  which  is  usually  petaliferous.  It  is  to  A. 
arenaria  H6K.  (which,  as  Koehne  remarks,  all  subsequent  botauists 
overlooked)  that  A,  Wrightii  Gray,  belongs,  and  apparently  A. 
longipeB  of  Wright  also.  Fasc.  74  does  not  invite  particular  remark. 
It  has  the  HumiriaceoB  and  Linem  byDr.  I.  Urban,  also  a  new  hand ; 
and  OxalidaeoBy  Gerani<$ce€B^  and  VtoianiacecBy  by  Dr.  A,  Progel. 
The  key  to  the  108  Brazilian  species  of  Oxalis  comprises  also 
additional  species  of  the  adjacent  regions.  And  a  new  genus  of 
two  species,  allied  to  Averrhoay  is  dedicated  to  Dr.  Eichler,  the 
excellent  editor  of  this  Flora.  This  fascicle  is  dated  December, 
1877;  so  that  the  present  genus  has  priority  over  D.  Hartog's 
JSicAleria^  which  is  perhaps  a  better  marked  genus.  a.  g. 

6.  A  Monograph  of  the  Genus  LUium'  by  Henby  John 
Elwss,  F.L.S.,  F.Z.S.  Illustrated  by  W.  H.  FitcL,  F.L.S.  Folio. 
— ^Four  parts  of  this  truly  magnificent  contribution  to  Horticul- 
tural Botany  have  reached  us.  Mr.  Elwes  has  long  been  known 
aa  a  most  saccessful  and  enthusiastic  cultivator  of  lilies  and  other 
bulbous  plants,  and  his  collection  of  them  is  one  of  the  most  com- 
plete in  existence.  Not  only  has  he  been  a  most  assiduous  and 
enterprising  collector  of  living  plants,  but  he  has  known  how  to 
tarn  nis  collections  to  the  best  use,  and  is  doing  for  Lilium  what 
might,  with  equal  advantage,  be  done  for  IriSy  Crocus  and  Qladi- 
ohtSj  genera  in  which  the  limitation  of  species  is  attended  with 
much  confusion  and  difficulty.  In  Lilium^  particularly,  this  diffi- 
eulty  has  been  largely  increased  by  the  fact  that  lilies  have,  for 
centuries,  been  favorite  garden  plants,  and  that  many  species  have 
become  so  changed  by  long  cultivation  that  it  has  been  impossible 
to  refer  some  existing  forms  to  wild  types  without  a  thorough 
study  of  the  whole  genus,  including  all  garden  forms  as  well  as 
their  wild  originals.  This  Mr.  Elwes  has  undertaken,  and  his 
monograph  will  be  found  an  indispensable  aid  to  a  better  under- 
standing of  the  genus. 

Of  the  thirty-two  plates,  which  have  already  appeared,  six  are 
devoted  to  North  American  species,  those  figured  being  Lilium 
superbum;  L.  parvum  of  Kellogg,  which  is  rightly  considered  a 
species,  and  not  a  western  form  of  X.  Canadense^  to  which  other 
European  botanists  have  referred  it ;  X.  pardalinum,  the  figure 
very  well  representing  Kellogg's  typical  plant,  and  not  a  variety, 
as  Mr.  Elwes  supposes  (but  the  synonyms  as  given  for  this  spe- 
des  will  require  some  further  revision) ;  X.  HnmholdU^  a  magnifi- 
cent plate  of  one  of  the  most  distinct  and  beautiful  of  North 
American  lilies  ;  X.  Catesbm;  X.  Philadelphicum,  and  X.  Car- 
oiinianuniy  which  is  considered  as  a  species  distinct  from  X. 
mmerbum^  a  view  which  is  not  shared  oy  American  botanists, 
whose  previous  opinion  of  this  plant  must  be  rather  confirmed 
than  otherwise  by  Mr.  Fitch's  beautiful  drawing,  which  clearly 
represents  a  small  form  of  X.  superbutn.  Mr.  Elwes  notices  as  a 
omrious  fact ''  that  all  the  American  lilies,  though  varying  remark- 
ably among  themselves,  differ  entirely  in  their  bulb-structure  from 
those  of  Europe  and  Asia,  and  the  same  peculiarity  is  noticeable 
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among  the  American  species  of  FritiUariay  which,  as  far  as  we 
know  them,  have  bulbs  of  small  white  and  granular  scales,  loosely 
attached  to  a  solid  central  axis  from  which  the  stem  sprinn 
Of  all  the  Old  World  Lilies  and  Fritillaries,  only  two,  namely, 
Lilium  avenaceum  and  FritiUaria  KamtadKUkeneU^  resemble 
their  American  congeners  in  the  formation  of  their  bulbs,  and  both 
of  these  are  i-estricted  in  their  geographical  limits  to  the  shores  of 
Northeastern  Asia,  which  have  many  affinities,  both  botanical  and 
zoological,  with  the  Pacific  coast  of  North  America."  Each  plate 
is  accompanied  by  two  or  three  pages  of  letter-press,  containing 
a  technical  description  of  the  species  with  a  list  of  synonyms  and 
references  to  other  figures,  as  well  as  all  available  information  in 
regard  to  its  native  habitat  and  mode  of  growth :  also  the  his- 
tory of  its  introduction  into  cultivation,  and  fiill  cultural  direc- 
tions, derived  from  the  author's  own  experience,  and  from  that  of 
the  most  successful  lily  growers  of  Europe.  When  completed 
the  work  will  contain  forty-eight  colored  plates,  to  which  is  to  be 
joined  an  introductory  chapter,  containing  wood-cuts  of  bulbs  and 
other  details,  and  a  map  showing  the  geographical  distribution  of 
the  genus.  a  s.  a. 

7.  Beitrdge  eur  Keimungsgeschichte  der  Schizceaceen,  Dr.  H. 
Bauke.  Extract  from  Pringsheim's  Jahrbtlcher,  vol  xi,  1878. — 
But  little  now  remains  to  be  studied  with  regard  to  the  formation 
of  the  prothalns  in  the  different  suborders  of  Ferns.  Not  to 
speak  01  the  numerous  works  on  the  development  of  the  Polypa- 
aiacecPy  we  have  had  within  the  last  few  years  an  account  of  the 
development  of  the  genera  Osmunda  and  Ceratopteria  by  Kny, 
and  we  noticed  in  the  number  of  this  Journal  for  March  a  paper 
by  Goebel,  on  the  prothallus  of  Gymnogramme  leptophylla, 
Junczcwski  and  Rostafinski  gave  a  description  of  the  prothallus  of 
nymenophyllum  in  the  Proceedings  of  the  Cherbourg  Society. 
In  vol.  X,  of  Pringsheim's  Jahrbucher,  Dr.  Bauke  gave  an  account 
of  the  prothallus  of  the  Cyatheacec^  as  compared  with  that  of  the 
other  ferns,  and  that  article  is  now  supplemented  by  one  on  the 
germination  of  the  Sc/iizceacece.  Dr.  Bauke  studied  the  germi- 
nation in  neveral  species  of  Aneimta  and  in  Mohria  Caffro- 
rum.  He  differs  from  Burch  who  has  recently  studied  the  devel- 
opment of  the  prothallus  in  Atteimia  in  several  respects,  and  he 
does  not  consider  that  what  Hurch  calls  the  "  pousse  laterale  nor- 
male  "  is  in  any  sense  a  lateral  shoot,  but  simply  that  the  forma- 
tion of  the  cushion,  in  which  the  archegonia  are  produced,  is  in 
this  case  on  the  lateral  margin  of  the  prothallus  rather  than  at  the 
central  sinus,  as  in  the  Polypodiacecv.  Bauke  states  that, 
although  in  general  the  prothallus  of  the  Schizcvaceae  differs  from 
that  of  the  Folypodiacecp^  yet  there  are  numerous  variations 
which  connect  the  two  suborders.  w.  g.  f. 

8.  TJeher  die  Aschenkrankheit  und  JUattflechenkrankheit  der 
Citronenbdume  ;  by  Felix  von  Tiiumen. — The  pamphlet  bearing 
the  present  title  is  the  latest  contribution  from  the  Experimental 
Station  for  the  Culture  of  the  Grape  and  Fruit  at  Klasterra>nberg, 
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Dear  Yienna.  The  botanist  of  the  Station,  Baron  von  ThUmen, 
gives  an  account  in  Italian  of  two  fungi,  Apiasporium  citre  and 
aphoBreUa  gibeUiana  which  cause  disease  in  the  leaves  of  lemon 
trees.  Another  publication  of  interest  is  the  list  of  fungi  which 
are  found  on  grape  vines,  of  which  the  number  of  species  is  said  to 
be  224.  It  must  be  remarked,  however,  that  many  of  the  species 
are  not  peculiar  to  the  vine.  w.  g.  f. 

9.  BuUeiin  of  the  United  StcUea  Oeological  and  QeographiccU 
Survey  of  the  Territories,  Vol.  IV,  No.  2.  Department  ol  the 
Interior. — ^This  number  of  the  Bulletin  contains  the  following 
papers :  The  Geographical  Distribution  of  Mammals  considered  in 
relation  to  the  pnncipal  ontological  regions  of  the  earth,  and  the 
laws  that  govern  the  distribution  of  animal  life,  by  J.  A.  Allen. 
Descriptions  of  new  extinct  Vertebrates  from  the  Upper  Tertiary 
and  Dakota  formations,  by  E.  D.  Cope.  Catalogue  of  the  Fishes 
of  the  fresh  waters  of  North  America,  by  D.  S.  Jordan.  Descrip- 
tion of  a  fossil  bird  from  Colorado,  by  J.  A.  Allen  (see  page  382, 
voL  XV,  of  this  Journal).  Coleoptera  of  the  Alpine  region  of  the 
Rocky  Mts.,  by  J.  L.  LsConte.  Orthoptera  of  Dakota  and  Mon- 
tana, bv  C.  THOMAS.  Hemiptera  of  Dakota  and  Montana,  by 
P.  R.  tj  HLER.  Lepidoptera  of  Montana,  by  W.  H.  £dwards. 
Fossil  insects  from  the  Tertiary  of  Colorado  and  Wyoming,  by 
S.  H.  ScuDDER.  These  fossils  insects  are  a  few  out  of  a  large  num- 
ber of  species  which  Mr.  Scudder  has  under  examination.  He 
remarks  that  those  from  the  Florissant  Shales  of  Colorado  indi- 
cate strikingly  a  tropical  relation.  A  fossil  butterfly,  which 
he  calls  Prodryas  Persiphone,  is  wonderfully  perfect,  the  wings 
expanded  as  if  in  readiness  for  the  cabinet,  ana  even  the  form  of 
the  scales  are  distinguishable  under  the  microscope. 

IV.  Astronomy. 

1.  Observations  of  Comets  made  at  the  Sheffield  Observatory 
6/  Tale  College;  by  H.  A.  Hazen  and  W.  Beebe,  with  the  ring 
micrometer  of  the  8|  inch  refractor.  (Latitude  of  observatory= 
41**  18'  85';  longitude=16°'  30»-0  E.  of  Washington.)— All  the 
observations  upon  which  the  following  results  are  based  were 
made  with  a  power  of  60.  The  ring-micrometer  is  one  constructed 
by  Professor  Lyman,  and  consists  of  several  concentric  rings.  Of 
these,  only  the  two  smallest  were  used ;  and  of  the  two,  one  or 
the  other  was  sometimes  omitted,  if  observation  was  thereby 
facilitated.  A  complete  transit  across  one  ring,  comprising  two 
ingresses  and  two  egresses  of  each  body,  is  considered  as  one 
comparison.  In  estimating  the  weights,  an  observation  derived 
from  six  comparisons  under  fair  conditions  is  assigned  a  weight  of 
2.  This  does  not  take  into  account,  in  case  of  comet  o,  the 
liability  to  error,  arising  from  the  fact  that  the  comet  exhibited 
ao  defined  nucleus,  nor  has  it  any  reference  to  the  reliability  of 
the  catalogue  from  which  a  star's  place  is  derived. 
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v.  Miscellaneous  Scientific  Intelligence. 

1.  Japanete  Earthquakes. — An  interestiDg  hietorical  paper 
upon  "  Destructive  Earthqnakee  in  Japan,"  (27  pp.)  was  read  Be- 
fore the  Asiatic  Society  of  Japan,  March  23d,  1878,  by  I.  Z. 
Hattori,  Esq.  (Rulgera  Coll.),  of  tbe  University  of  Tokio. 

It  inclu<lea  notices,  drawn  from  native  sources,  of  149  destruc- 
tive earthquakes,  distributed  as  follows: 
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1  in    6tb  century.  7  in  18th  century. 

1  "     6th  "  8  "  14th  " 

7  "     7th  »'  16  "  16th  " 

7  "     8th  "  8  "  16th  " 

28  "     9th  "  16  "  17th  " 

11  "  10th  "  18  "  18th  '^ 

10  "  11th  "  16  «  19th  " 

1  "  1 2th  " 

Arranging  the  recorded  shocks  according  to  the  seasons  the  author 
says:  **If  we  take  the  11th,  12th,  and  1st  months  of  the  Japanese 
old  calendar  as  cold  months,  6th,  6th  and  7th  as  hot,  and  all  the 
others  as  mild,  then  during  the  fifteen  centuries,  twenty-eight 
^reat  earthquakes  have  occurred  in  the  cold  months,  forty-seven 
m  the  hot,  and  seventy-two  in  the  mild,  or  in  other  words,  seventy- 
five  in  the  extreme  seasons  and  seventy-two  in  the  mild,  the  differ- 
ence being  only  three."  He  also  gives  a  curious  description  of  an 
e»rly  Chinese  seismograph  "  invented  by  Choko  in  the  first  year 
of  Yoka,  (182  A.  D.f'  It  is  quoted  from  the  Life  of  Choko  in 
Gokwanjo  (History  of  Kwan),  and  is  as  follows. 

"  The  seismograph  consisted  of  a  copper  vessel,  whose  diameter 
was  eight  shaker  or  feet,  and  whose  convex  cover  was  ornamented 
with  characters,  mountain  turtles,  birds  and  beasts.  In  this  vessel 
there  was  one  main  piston  in  the  middle  with  its  eight  branches, 
wires  and  springs.  On  the  outside  of  this  vessel  were  eight 
dragon  heads,  each  of  them  having  a  copper  ball  in  its  full-opened 
mouth.  Under  each  of  the  dragon  heads  there  was  a  frog  looking 
upwards  with  its  mouth  fully  opened.  The  wire  works  and  springs 
were  very  skillfully  arranged  in  the  vessel,  but  the  cover  was  very 
closely  fitted,  and  they  could  not  be  seen.  Whenever  the  earth 
shook,  one  of  the  dragons  dropped  the  ball,  the  frog  underneath 
received  it  in  its  mouth,  and  produced  a  sound.  By  this  means 
the  direction  of  the  shocks  was  ascertained.  Once  one  of  the 
dragons  dropped  its  ball,  but  no  person  near  it  perceived  any 
shock,  and  all  the  learned  men  of  the  capital  doubted  the  trust- 
worthiness of  the  machine ;  but  after  a  few  days  a  mail  arrived 
from  Rosei  and  reported  the  occurrence  of  an  earthquake  there." 

The  different  Japanese  beliefs  or  superstitions  about  the  cause 
of  earthquakes  are  also  described.  c.  g.  b. 

2.  American  Association  at  St.  Louis,  Aitg,  21. — The  headquar- 
ters of  the  Association  at  St.  Louis  will  be  at  the  Lindell  Hotel  on 
the  Monday  and  Tuesday  preceding  the  meeting,  and  afterward  at 
Armory  Hall.  All  members  planning  to  attend  the  meeting  are 
requested  to  communicate  at  once  with  Pro£  J.  K.  Rees,  wno  is 
Secretary  of  the  Local  Committee.  Communications  relative  to 
membership,  papers,  and  payments  of  assessments  should  be  made 
to  the  Permanent  Secretary,  F.  W.  Putnam,  whose  address  is 
Salem,  Mass.,  until  Wednesday,  Aug.  14,  and  after  that  time,  St. 
Louis,  Missouri.     The  first  meeting  of  the   Standing  Committee 

will  be  at  the  Lindell  Hotel,  on  Wednesday,  Aug.  20,  at  3  p.  m. 
Am.  Jocni.  8oi.— Third  Ssribs,  Vol.  XVI,  No.  91.— July,  1878. 
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ArraoffementB  for  half  fare  on  various  railroads  can  be  learned 
of  by  addressing  Wm.  Taussig,  St.  Louis. 

3.  Catalogue  of  Scientiiic  Serial  PubliccUions, — An  extended 
catalogue  oi  Scientific  Serials  is  soon  to  be  issued  under  the  auspi- 
ces of  the  Librarian  of  Harvard  College.  It  has  been  prepared  by 
Mr.  Samuel  H.  Scudder,  Librarian  of  the  American  Academy  of 
Arts  and  Sciences.  The  work  has  double  the  extent  of  any  exist- 
ing list  of  the  kind,  and  aims  to  include  all  Society  Transactions 
and  independent  journals  in  everv  branch  of  natural,  mathemat- 
ical and  physical  science,  excepting  only  the  applied  t^iences, 
medicine,  agriculture,  technology,  etc.  The  arrangement  is  baaed 
on  the  countries  and  places  where  published.  It  will  be  a  work  of 
great  value  to  all  libraries  and  men  of  science.  The  volume  will 
Be  in  octavo,  and  extend  to  about  300  pages.  Those  desiring  the 
work  should  address  Justin  Winsor,  Librarian  of  Harvard  CoUege, 
Cambridge,  Mass. 

4.  Principles  of  Machine  Construction:  an  application  of  geo- 
metrical drawing  for  the  representation  <rf  Machinery  /by  Edward 
ToMKiNS,  edited  by  Henry  Eybrs,  LJL.D.  Vol.  i.  Text,  368  pp. 
8vo;  vol.  ii,  Plates,  small  quarto.  New  York,  1878.  (6.  P.  Put- 
nam's Sons — Putnam's  Advance  Science  Series.) — A  clearly  written 
and  well  arranged  treatise,  rendered  the  more  useful  by  the  numei^ 
ous  illustrations  in  the  text,  and  still  more  by  the  forty-seven  excel- 
lent plates. 

5.  Geological  Survey  of  Victoria. — Decade  6  of  the  Paleon- 
tology of  V  ictoria,  by  Fbbdebick  McCoy,  has  appeared.  Among 
the  Victorian  species  mentioned  is  the  graptolite,  Didymograptus 
Headi^  described  by  Hall  from  the  Lower  Silurian  of  Canada. 

6.  On  the  Paleozoic  fossils  of  New  South  Wales  ;  by  L.  G. 
DE  KoNiNCK.  374  pp.  8vo,  with  an  Atlas  of  24  quarto  plates. — 
This  work  is  a  complete  review  of  the  facts  relating  to  the  Paleo- 
zoic fossils  of  New  South  Wales,  and  contains  descriptions  of  176 
species.  Besides  this,  it  enumerates  76  species  described  by  others, 
of  which  the  writer  had  not  yet  seen  specimens.  Out  of  the  176, 
74  exist  also  in  European  rocks. 

7.  Mineralogische  und  peirographische  MlUheilungen^  heraus- 
gegeben  von  G.  Tscuiermak  ;  Neue  Folge,  Bd.  I,  Heft  1.  Vienna, 
1878. — The  Mineralogische  Mittheilwigtn  of  Vienna,  begun  by 
Professor  Tschenuak  in  1872  and  published  as  a  supplement  to 
the  Jahrbuch  of  the  k.  k.  Geologische  Reichsanstalt  have  been  dis- 
continued. In  its  place,  the  Journal,  whose  title  is  given  above,  is 
to  appear  independently,  in  six  numbers  each  year.  The  new 
"  Mittheilungen  "  are  to  be  still  under  the  able  editorship  of  Pro- 
fessor Tschormak,  and  will  doubtless  take  even  a  more  important 
place  among  the  publications  in  this  branch  than  the  earlier 
journal.  The  tirst  number  contains  five  excellent  articles  upon 
various  mineralogical  and  lithological  subjects. 

8.  Marine  Zoological  Laboratories  for  instruction  of  Students, 
— A  marine  laboratory  for  zoological  instruction  is  to  be  opened 
at  Fort  Wool,  on  the  Rip  Raps,  near  Fortress  Monroe,  near  the 
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mouth  of  Chesapeake  Bay,  ander  the  anspioes  of  the  Johns  Hopkins 
University,  and  the  charge  of  Professor  Brooks  ;  and  another  on 
Salem  Neck,  hetween  Beverly  and  Salem  Harhor,  Massachusetts, 
by  J.  H.  Emerton  and  C.  S.  Minot,  between  June  1  and  October 
1,  with  the  terms  $20.00  a  mouth. 

9.  Microscopical  Society  of  San  I^Vancisco. — A  bulletin  from 
this  Society  announces  that  the  secretary,  Mr.  Clarke,  will  exchange 
specimens  from  the  diatom  deposits  of  the  Pacific  Coast  on  receipt 
of  "  any  valuable  microscopic  material." 

10.  JSarthqiuike  of  the  South  Afnerican  Cocist  felt  aJt  the  Bus- 
9ian  Ohservalory  at  Pulkowa, — In  a  communication  to  the 
Academy  of  Sciences,  St.  Petersburg,  Mr.  Magnus  Nyrcn  of  the 
obfiervatory  at  Pulkowa  states  that  the  great  earthquake  on  the 
coast  of  South  America,  in  May  of  last  year,  was  perceptible  at 
Pulkowa  by  a  tremor  of  the  instrument  with  which  he  was  observ- 
ing the  passage  of  a  star ;  that  the  tremor  continued  sufficiently 
long  to  be  satisfactorily  verified,  and  that  there  was  no  disturb- 
ance in  the  neighborhood  by  which  it  could  have  been  occasioned. 
— Athenasum^  May  2bth, 

11.  Probable  Distrilmtion  of  a  Spider  by  the  TVade  Winds, — 
Rev.  H.  C.  McCooK  states  that  the  Sarotes  venatorius  Linn.,  a 
large  laterigrade  spider  of  the  ballooning  kind,  occurs,  according  to 
specimens  in  his  private  collection,  from  Santa  Cruz,  Virgin  Isles, 
to  Cuba,  Florida  and  Yucatan,  Central  America,  Mexico  and 
California,  Sandwich  Islands,  Loochoo  Islands  and  Japan,  and 
thence  across  Asia  and  Africa  to  Liberia,  and  suggests,  in  view 
of  these  facts  and  other  localities  on  record,  that  the  trade  winds 
have  promoted  this  distribution.  Among  the  other  localities, 
are  the  Society  Islands,  Feejees,  Friendly  Islands,  New  Caledonia, 
Eastern  Australia,  Mauritius,  Madagascar,  and  several  parts  of 
South  America.  He  refers  to  a  fact  stated  by  Darwin,  that,  at  a 
distance  of  sixty  miles  from  land,  while  the  Beagle  was  sailing 
before  a  steady  light  breeze,  the  rigging  was  covered  with  vast 
numbers  of  small  spiders  with  their  webs,  each,  when  first  coming 
in  contact  with  tbe  rigging,  seated  upon  a  single  filament  of 
spider  web,  and  so  slenderly  in  some  cases  that  a  single  breath  of 
air  was  found  to  bear  them  out  of  sight.  Mr.  McCo<^  states  that 
the  specimens  examined  by  him  show  no  variations  which  may 
not  oe  accounted  for  "  by  differences  in  age,  or  which  may  not 
come  within  those  ordinary  natural  differences  which  all  animals 
more  or  less  exhibit."  But  most  of  the  specimens  had  lost  their 
colors  in  the  alcohol  in  which  they  were  preserved. — Proc,  Acad. 
Nat  Sci  FhUad.,  1878,  p.  136. 

12.  Poly  microscope, — A  new  improvement  in  the  microscope  is 
reported  from  Germany.  Herr  I.  von  Lenhossek  has  constructed 
an  apparatus  which  permits  no  less  than  sixty  microscopical  pre- 
parations being  observed  in  immediate  succession,  without  the 
trouble  of  changing  the  slides  and  readjustment  of  the  object- 

K*  UB8.     Its  construction  is  similar  in  principle  to  that  of  the  well- 
own  revolving  stereoscopes,  and  the  inventor  has  given  the  new 
apparatus  the  name  of  '^  polymicroscope." — NaJture^  June  6. 
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13.  T%B  Titlephonefor  DeafPursana. — Having  Men  a  paragraph 
in  Nature  oommnnioated  by  Mr.  Sevenii  of  Newcastle,  New  South 
Walea,  describing  a  method  of  using  a  telephone  to  enable  deaf 
persons  to  hear,  I  have  tried  the  experiment  in  the  manner  Mr. 
Severn  describes — ^by  f&stening  a  string  to  the  parchment  dia- 
phragm of  a  simple  telephone  made  of  wood,  and  carrying  diis 
suing  round  the  lorehead  of  the  deaf  person,  wno  oiaspa  the  string 
with  Doth  hands  and  presses  them  over  his  ears.  Tlie  expeiiment 
in  this  way  was  partially  successful ;  the  sound  of  the  voice  was 
always  beard,  and  some  words  were  distinguished.  Afterwards  I 
fiwtoaed  a  single  string  to  the  telephone  and  got  the  deaf  person 
to  hold  the  string  between  his  teeth.  He  then  heard  every  word 
distinctly,  even  when  spoken  in  a  low  tone  of  voice  at  the  whole 
length  m  the  room.-— JoAn  Brownimg^  in  Nature  qfJime  13. 

New  worin  in  Sotoooe,  ootioeB  of  whUsh  an  vnvnMakif  detarred. 

Report  on  Aatronomj  and  Bwometrio  Hypoomeliy,  muring  voL  n,  ot  qiiuto 
Reports  of  the  U.  S.  Oeogn^iliioel  Smnrej  Weet  of  the  lOOOi  IteUUnn,  nndw 
Lieut  G.  IL  Wheeler.    666  pp.  4to»  with  22  {dates. 

Fennq^vania  Geologioal  Som^.  Report  it  Progress  in  the  Beaver  River  Dlih 
trict  of  the  Bitaminoiis  Goid-flelde  of  WeetMn  Pennsjrlvanla:  bj  J.  0.  While. 
338  pp.  Svo,  with  12  plates.    Hanisbtug.    1878. 

ICineralogsr  and  Uthologjr  of  New  Hampshire,  b^  G.  W.  Hawea,  Gedogioal 
Sorvej  of  New  Hampehire.  262  pp.  roj.  8vo.  WiUi  12  plates.  Concord,  N.  H. 
1878. 

Report  (m  Food-fishes,  FUh-calture  for  1876-18Y6.  Bj  &  P.  Baird.  lOSC  pp. 
Svo.    U.  &  Oommisslon  of  Fish  and  Flaheriee.    Washington.    1878. 

Report  on  Geologioal  Survey  of  Gtaada,  lor  1876-77.  A.  R.  0.  Selwyn,  Dlieo- 
tor.    532pp.8?a     1878. 

Report  on  Fdrrestry,  prepared  under  direction  of  the  Gommisaioner  of  Agricul- 
ture.   By  F.  B.  Houg^.     650  pp.  Svo.    Washington.     1878. 

The  Speaking  Telephone,  l^ilking  Phonogn^ph  and  otiier  Noyelties^  hy  G.  B. 
Presoott  432  |)p.  8vo,  with  many  illustrations.  New  York.  1878.  (D.  Apple- 
ton  k  Co.) 

Annual  Record  of  Science  and  Industry  for  1877,  edited  by  Spencer  F.  Baird, 
with  the  assistance  of  men  of  science.  480  pp.  New  York.  1878.  (Harper  i 
Brothers.) 

Elements  of  Dynamic;  an  Introduction  to  the  Study  of  Motion  and  Rest  in 
Solid  and  Fluid  Bodies,  by  W.  K.  Clifford,  F.R.S.  Part  I,  Kinematic  222  pp. 
12mo.     London.     1878.    (Macmillan  k  Co.) 

Die  Vereinigten  Staaten  von  Nord  America,  von  Dr.  Friedr.  Ratzel,  Professor 
der  Erdkunde  zu  Miinchen.  Erster  Band,  Physikalische  Geographic  und  Natur- 
charakter.     668  pp.  large  8vo,  with  illustrations.     Munich.     1878. 

Metasomatic  DBvelopment  of  the  Copper-bearing  Rocks  of  Lake  Superior,  by 
R.  Pumpelly.     3J0  pp.  8vo.     Proc  Am.  Acad.,  vol.  xiii. 

Bulletin  of  the  Bussey  Institution  of  Harvard  University.  Vol.  ii,  Part  iii. 
Boston.     J  878. 

Tafeln  zur  Bestimmung  der  Mineralien  von  Franz  von  Eobell.  Elfte  vermehrte 
Auflage.     110  pp.  8vo.     Miinchen.     1878. 

Notes  from  the  Chemical  Laboratory  of  the  Johns  Hopkins  University.  Nos. 
9-12.    Baltimore,  Md. 

Report  on  the  Hydroida  collected  during  the  Exploration  of  the  Gulf  Stream  by 
L.  P.  de  Pouitalds,  Assistant  U.  S.  Coast  Survey  and  forming  No.  2  of  vol.  v  of 
the  Memoirs  of  the  Museum  of  Comparative  Zoology  at  Harvard  College,  by  G.  J. 
Allman.     64  pp.  4to,  with  34  plates.     Cambridge,  Mass.     1877. 
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Art.  IX. — Forest  Oeography  and  Archceology :  a  Lecture  delivered 
before  the  Harvard  University  Natural  History  Society^  April 

18,  1878 ;  by  Asa  Gray. 

....  It  is  the  forests  of  the  Northern  temperate  zone  which 
we  are  to  traverse.  After  taking  some  note  of  them  in  their 
present  condition  and  relations,  we  may  enquire  into  their  ped- 
igree ;  and,  from  a  consideration  of  what  and  where  the  com- 
ponent trees  have  been  in  days  of  old,  derive  some  probable 
explanation  of  peculiarities  which  otherwise  seem  inexplicable 
and  strange. 

In  speaking  of  our  forests  in  their  present  condition,  I  mean 
not  exactly  as  they  are  to-day,  but  as  they  were  before  civil- 
ized man  had  materially  interfered  with  them.  In  the  dis- 
trict we  inhabit  such  interference  is  so  recent  that  we  have  lit- 
tle difficulty  in  conceiving  the  conditions  which  here  prevailed, 
a  few  generations  ago,  when  the  **  forest  primeval" — described 
in  the  first  lines  of  a  familiar  poem — covered  essentially  the 
whole  country,  from  the  Gulf  of  St  Lawrence  and  Canada  to 
Florida  and  Texas,  from  the  Atlantic  to  beyond  the  Missis- 
sippi. This,  our  Atlantic  forest,  is  one  of  the  largest  and 
almost  the  richest  of  the  temperate  forests  of  the  world.  That 
is,  it  comprises  a  greater  diversity  of  species  than  any  other, 
except  one. 

In  crossing  the  country  from  the  Atlantic  westward,  we 
leave  this  forest  behind  us  when  we  pass  the  western  borders 
of  those  organized  States  which  lie  along  the  right  bank  of  the 
Mississippi.  We  exchange  it  for  prairies  and  open  plains, 
wooded  only  along  the  water-courses, — plains  which  grow  more 

Ax.  JouB.  8oi.— Tbibd  Sbbixs,  Vol.  XVI,  No.  9S3.— August,  1878. 
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and  more  bare  and  less  green  as  we  proceed  westward,  with 
only  some  scattering  cotton  woods  (i.  e.  poplars)  on  the  imme- 
diate banks  of  the  traversing  rivers,  which  are  themselves  far 
between. 

In  the  Rocky  Mountains  we  come  again  to  forest,  but  only 
in  narrow  lines  or  patches;  and  if  you  travel  by  the  Pacific 
Railroad  you  hardly  come  to  any;  the  eastern  and  the  interior- 
desert  plains  meet  along  the  comparatively  low  level  of  the 
divide  which  here  is  so  opportune  for  the  railway ;  but  both 
north  and  south  of  this  line  the  mountains  themselves  are 
fairly  wooded.  Beyond,  through  all  the  wide  interior  basin, 
and  also  north  and  south  of  it,  the  numerous  mountain  chains 
seem  to  be  as  bare  as  the  alkaline  plains  they  traverse,  mostly 
north  and  south ;  and  the  plains  bear  nothing  taller  than  sage- 
brush. But  those  who  reach  and  climb  these  mountains  find 
that  their  ravines  and  higher  recesses  nourish  no  small  amount 
of  timber,  though  the  trees  themselves  are  mostly  small  and 
always  low. 

W  hen  the  western  rim  of  this  great  basin  is  reached  there  is 
an  abrupt  change  of  scene.  This  rim  is  formed  of  the  Sierra 
Nevada.  Even  its  eastern  slopes  are  forest-clad  in  great  meas- 
ure; while  the  western  bear  m  some  respects  the  noblest  and 
most  remarkable  forest  of  the  world  ; — remarkable  even  for  the 
number  of  species  of  evergreen  trees  occupying  a  comparatively 
narrow  area,  but  especially  for  their  wonaerfuT  development  in 
size  and  altitude.  Whatever  may  be  claimed  for  individual 
Eucalyptus-trees  in  certain  sheltered  ravines  of  the  southern 
part  of  Australia,  it  is  probable  that  there  is  no  forest  to  be 
compared  for  grandeur  with  that  which  stretches,  essentially 
unbroken, — though  often  narrowed,  and  nowhere  very  wide, — 
from  the  southern  part  of  the  Sierra  Nevada  in  lat.  86°  to 
Puget  Sound  beyond  lat.  49°,  and  not  a  little  farther. 

Descending  into  the  long  valley  of  California,  the  forest 
changes,  dwindles,  and  mainly  disappears.  In  the  Pacific 
Coast  Ranges,  it  resumes  its  sway,  with  altered  features,  some 
of  them  not  less  magnificent  and  of  greater  beauty.  The  Red- 
woods of  the  coast,  for  instance,  are  little  less  gigantic  than  the 
Big-trees  of  the  Sierra  Nevada,  and  far  handsomer,  and  a  thou- 
sand times  more  numerous.  And  several  species  which  are 
merely  or  mainly  shrubs  in  the  drier  Sierra,  become  lordly 
trees  in  the  moister  air  of  the  northerly  coast  ranges.  Througn 
most  of  California  these  two  Pacific  forests  are  separate  ;  in 
the  northern  part  of  that  State  they  join,  and  form  one  rich 
woodland  bell,  skirting  the  Pacific,  backed  by  the  Cascade 
Mountains,  and  extending  through  British  Columbia  into  our 
Alaskan  territory. 

So  we  have  two  forest-regions  in  North  America, — an  Atlan- 
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tic  and  a  Pacific.  They  may  take  these  names,  for  they  are 
dependent  upon  the  oceans  which  they  respectively  border. 
Also  we  have  an  intermediate  isolated  re^on  or  isolated  lines 
of  forest,  flanked  on  both  sides  by  bare  and  arid  plains, — plains 
which  on  the  eastern  side  may  partly  be  called  prairies^— on  the 
western,  deserts. 

This  mid-region  mountain  forest  is  intersected  by  a  trans- 
Terse  belt  of  arid  and  alkaline  plateau,  or  eastward  of  grassy 
plain — a  hundred  miles  wide  from  north  to  south, — through 
which  passes  the  Union  Pacific  Railroad.  This  divides  the 
Rocky-mountain  forest  into  a  southern  and  a  northern  portion. 
The  southern  is  completely  isolated.  The  northern,  in  a  cooler 
and  less  arid  region,  is  larger,  broader,  more  diiOTused.  Trend- 
ing westward,  on  and  beyond  the  northern  boundary  of  the 
United  States,  it  approaches,  and  here  and  there  unites  with, 
the  Pacific  forest.  Eastward,  in  Northern  British  territory,  it 
makes  a  narrow  junction  with  northwestward  prolongations  of 
the  broad  Atlantic  forest 

So  much  for  these  forests  as  a  whole,  their  position,  their 
limits.  Before  we  glance  at  their  distinguishing  features  and 
component  trees,  I  should  here  answer  the  question,  why  they 
occupy  the  positions  they  do ; — why  so  curtailed  and  separated 
at  the  soutn,  so  much  more  diffused  at  the  north,  but  still  so 
strongly  divided  into  eastern  and  western.  Yet  I  must  not 
consume  time  with  the  rudiments  of  physical  geography  and 
meteorology.  It  goes  without  saying  that  trees  are  nourished 
by  moisture.  They  starve  with  dryness  and  they  starve  with 
cold.  A  tree  is  a  sensitive  thing.  With  its  great  spread  of 
foliage,  its  vast  amount  of  surface  which  it  cannot  diminish  or 
change,  except  by  losing  that  whereby  it  lives,  it  is  completely 
and  helplessly  exposed  to  every  atmospheric  change;  or  at 
least  its  resources  for  adaptation  are  very  limited ;  and  it  can- 
not flee  for  shelter.  But  trees  are  social,  and  their  gregarious 
habits  give  a  certain  mutual  support  A  tree  by  itself  is 
doomed,  where  a  forest,  once  established,  is  comparatively 
secure. 

Trees  vary  as  widely  as  do  other  plants  in  their  constitu- 
tion ;  but  none  can  withstand  a  certain  amount  of  cold  and 
other  exposure,  nor  make  head  against  a  certain  shortness  of 
summer.  Our  high  northern  regions  are  therefore  treeless; 
and  so  are  the  summits  of  high  mountains  in  lower  latitudes. 
As  we  ascend  them  we  walk  at  first  under  spruces  and  fir-trees 
or  birches;  at  6,000  feet  on  the  White  Mountains  of  New 
Hampshire,  at  11  or  12,000  feet  on  the  Colorado  Rocky  Mount- 
ains, we  walk  through  or  upon  them;  sometimes  upon  dwarfed 
and  depressed  individuals  of  the  same  species  that  made  the 
cuiopy  below.     These  depressed  trees  retain  their  hold  on  life 


88  A.  Gray — Forest  Geography  and  Archodology. 

only  in  virtue  of  being  covered  all  winter  by  snow.  At  still 
higher  altitude  the  species  are  wholly  different;  and  for  the 
most  part  these  humble  alpine  plants  of  our  temperate  zone — 
which  we  cannot  call  trees,  because  they  are  only  a  foot  or  two 
or  a  span  or  two  high — are  the  same  as  those  of  the  arctic 
zone,  of  northern  Labrador,  and  of  Greenland.  The  arctic  and 
the  alpine  regions  are  equally  unwooded  from  cold. 

As  the  opposite  extreme,  under  opposite  conditions,  look  to 
equatorial  America,  on  the  Atlantic  side,  for  the  widest  and 
most  luxuriant  forest-tract  in  the  world,  where  winter  is 
unknown,  and  a  shower  of  rain  falls  almost  every  afternoon. 
The  size  of  the  Amazon  and  Orinoco — brimming  throughout 
the  year — testifies  to  the  abundance  of  rain  and  its  equable 
distribution. 

The  other  side  of  the  Andes,  mostly  farther  south,  shows  the 
absolute  contrast,  in  the  want  of  rain,  and  absence  of  forest; 
happily  it  is  a  narrow  tract.  The  same  is  true  of  great  tracts 
either  side  of  the  equatorial  regions,  the  only  district  where 
great  deserts  reach  the  ocean. 

It  is  also  true  of  great  continental  interiors  out  of  the  equa- 
torial belt,  except  where  cloud-compelling  mountain-chains 
coerce  a  certain  deposition  of  moisture  from  air  which  could 
give  none  to  the  heated  plains  below.  So  the  broad  interior 
of  our  country  is  forestless  from  dryness  in  our  latitude^  as  the 
high  northern  zone  is  forestless  from  cold. 

Regions  with  distributed  rain  are  naturally  forest-clad. 
Regions  with  scanty  rain,  and  at  one  season,  are  forestless  or 
sparsely  wooded,  except  they  have  some  favoring  compensa- 
tions.    Rainless  regions  are  desert. 

The  Atlantic  United  States  in  the  zone  of  variable  weather 
and  distributed  rains,  and  the  Gulf  of  Mexico  as  a  caldron  for 
brewing  rain,  and  no  continental  expanse  between  that  great 
caldron  and  ihe  Pacific,  crossed  by  a  prevalent  southwest  wind 
in  summer,  is  greatly  favored  for  summer  as  well  as  winter  rain. 

And  so  this  forest  region  of  ours,  with  annual  rain-fall  of 
lifty  inches  on  the  Lower  Mississippi,  fifty-two  inches  in  all  the 
country  east  of  it  bordering  the  Gulf  of  Mexico,  forty-five  to 
forty-one  in  all  the  proper  Atlantic  district  from  East  Florida 
to  Maine,  and  the  whole  region  drained  by  the  Ohio, — dimin- 
ished only  to  thirty -four  inches  on  the  whole  Upper  Mississippi 
and  Great  Lake  region, — with  this  amount  of  rain,  fairly  dis- 
tributed over  the  year,  and  the  greater  part  not  in  the  winter, 
our  forest  is  well  accounted  for. 

The  narrow  district  occupied  by  the  Pacific  forest  has  a 
much  more  unequal  rainfall,  more  unequal  in  its  different  parts, 
most  unequal  in  the  different  seasons  of  the  year,  very  different 
in  the  same  place  in  different  years. 
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From  the  Gulf  of  Mexico  to  the  Gulf  of  St  Lawrence,  the 
amount  of  rain  decreases  moderately  and  rather  regularly  from 
south  to  north  ;  but,  as  less  is  needed  in  a  cold  climate,  there 
IS  enough  to  nourish  forest  throughout.  On  the  Pacific  coast, 
from  the  Gulf  of  California  to  Puget  Sound,  the  southerly 
third  has  almost  no  rain  at  all ;  the  middle  portion  less  than 
our  Atlantic  least;  the  northern  third  has  about  our  Atlantic 
average. 

Then,  New  England  has  about  the  same  amount  of  rain-fall 
in  winter  and  in  summer ;  Florida  and  Alabama  about  one-half 
more  in  the  three  summer  than  in  the  three  winter  months, — a 
fairly  equable  distribution.  But  on  the  Pacific  coast  there  is 
no  summer  rain  at  all,  except  in  the  northern  portion,  and 
there  little.  And  the  winter  rain,  of  forty-four  inches  on  the 
northern  border,  diminishes  to  less  than  one-half  before  reaching 
the  Bay  of  San  Francisco ;  dwindles  to  twelve,  ten,  and  eight 
inches  on  the  southern  coast,  and  to  four  inches  before  we 
reach  the  United  States  boundary  below  San  Diego. 

Taking  the  whole  year  together,  and  confining  ourselves  to 
the  coast,  the  average  rain-fall  for  the  year,  from  Puget  Sound 
to  the  border  of  California,  is  from  eighty  inches  at  the  north  to 
seventy  at  the  south,  i.  e.,  seventy  on  the  northern  edge  of  Cali- 
fornia :  thence  it  diminishes  rapidly  to  thirty -six,  twenty  (about 
San  Francisco),  twelve,  and  at  San  Diego  to  eight  inches. 

The  two  rainiest  regions  of  the  United  States  are  the  Pacific 
coast  north  of  latitude  forty-five,  and  the  northeastern  coast 
and  borders  of  the  Gulf  of  Mexico.  But  when  one  is  rainy 
the  other  is  comparatively  rainless.  For  while  this  Pacific 
rainy  region  has  only  from  twelve  to  two  inches  of  its  rain  in 
the  summer  months,  Florida,  out  of  its  forty  to  sixty,  has 
twenty  to  twenty-six  in  summer,  and  only  six  to  ten  oi  it  in 
the  winter  montts. 

Again,  the  diminution  of  rain-fall  as  we  proceed  inland  from 
the  Atlantic  and  Gulf  shores,  is  gradual ;  the  expanse  that  is 
or  was  forest-clad  is  very  broad,  and  we  wonder  only  that  it 
did  not  extend  farther  west  than  it  does. 

On  the  other  side  of  the  continent,  at  the  north,  the  district 
80  favored  with  winter  rain  is  but  a  narrow  strip,  between 
the  ocean  and  the  Cascade  Mountains.  East  of  the  latter,  the 
amount  abruptly  declines, — for  the  year  from  eighty  inches  to 
sixteen ;  for  the  winter  months,  from  forty -four  and  forty  to 
eight  and  four  inches ;  for  the  summer  months,  from  twelve  and 
four  to  two  and  one. 

So  we  can  understand  why  the  Cascade  Mountains  abruptly 
separate  dense  and  tall  forest  on  the  west  from  treelessness  on 
the  east  We  may  conjecture,  also,  why  this  North  Pacific 
forest  is  so  magnificent  in  its  devolopment. 
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Equally,  in  the  rapid  decrease  of  raiD-fall  southward,  in  its 
corresponding  restriction  to  one  season,  in  the  continuation  of 
the  Cascade  Mountains  as  the  Sierra  Nevada,  cutting  off  access 
of  rain  to  the  interior,  in  the  unbroken  stretch  of  coast  ranges 
near  the  sea,  and  the  consequent  smaU  and  precarious  rain-&ll 
in  the  great  interior  valley  of  California,  we  see  reasons  why 
the  Califomian  forest  is  mainly  attenuated  southward  into 
two  lines, — into  two  files  of  a  narrow  but  lordly  procession, 
advancing  southward  along  the  coast  ranges,  and  along  the 
western  flank  of  the  Sierra  Nevada,  leaving  the  long  valley 
between  comparatively  bare  of  trees. 

By  the  limited  and  precarious  rain-fall  of  California,  we  may 
account  for  the  limitations  of  its  forest  But  how  shall  we 
account  for  the  fact  that  this  district  of  comparatively  little 
rain  produces  the  largest  trees  in  the  world  ?  Not  only  pro- 
duces, alone  of  all  the  world,  those  two  peculiar  big  trees  which 
excite  our  special  wonder, — their  extraordinary  growth  might 
be  some  idiosyncracy  of  a  race, — but  also  produces  pines  and 
fir-trees,  whose  brethren  we  know,  and  whose  capabilities  we 
can  estimate,  upon  a  scale  only  less  gigantic.  Evidently  there 
is  something  here  wonderfully  favorable  to  the  development  of 
trees,  especially  of  coniferous  trees ;  and  it  is  not  easy  to  deter- 
mine what  it  can  be. 

Nor,  indeed,  does  the  rain-fall  of  the  coast  of  Oregon,  great 
as  it  is,  fully  account  for  the  extraordinary  development  of  its 
forest ;  for  the  rain  is  nearly  all  in  the  winter,  very  little  in 
summer.  Yet  here  is  more  timber  to  the  acre  than  in  any 
other  part  of  North  America,  or  perhaps  in  any  other  part  of 
the  world.  The  trees  are  never  so  enormous  in  girth  as  some 
of  the  Californian,  but  are  of  equal  height — at  least  on  the 
average — three  hundred  feet  being  common,  and  they  stand 
almost  within  arms'  lenofth  of  each  other. 

The  explanation  of  all  this  may  mainly  be  found  in  the  great 
climatic  differences  between  the  Pacific  and  the  Atlantic  sides  of 
the  continent;  and  the  explanation  of  these  dift'erences  is  found 
in  the  difference  in  the  winds  and  the  great  ocean  currents. 

The  winds  are  from  the  ocean  to  the  land  all  the  year  round, 
from  northwesterly  in  summer,  southwesterly  in  winter.  And 
the  great  Pacific  Gulf -stream  sweeps  toward  and  along  the 
coast,  instead  of  bearing  away  from  it,  as  on  our  Atlantic  side. 

The  winters  are  mild  and  short,  and  are  to  a  great  extent  a 
season  of  growth,  instead  of  suspension  of  growth  as  with  us. 
So  there  is  a  far  longer  season  available  to  tree-vegetation  than 
with  us,  during  all  of  which  trees  may  either  grow  or  accumu- 
late the  materials  for  growth.  On  our  side  of  the  continent 
and  in  this  latitude,  trees  use  the  whole  autumn  in  getting 
ready  for  a  six-months  winter,  which  is  completely  lost  time. 
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Finally,  as  concerns  the  west  coast,  the  lack  of  summer  rain  is 
made  up  by  the  moisture-laden  ocean  winds,  which  regularly 
every  summer  afternoon  wrap  the  coast-ranges  of  mountains, 
which  these  forests  aflfect,  with  mist  and  fog.  The  Redwood, 
one  of  the  two  California  big  trees, — the  handsomest  and  far 
the  most  abundant  and  useful, — is  restricted  to  these  coast- 
ranges,  bathed  with  soft  showers  fresh  from  the  ocean  all  win- 
ter, and  with  fogs  and  moist  ocean  air  all  summer.  It  is 
nowhere  found  beyond  the  reach  of  these  fogs.  South  of 
Monterey,  where  this  summer  condensation  lessens,  and  winter 
rains  become  precarious,  the  Redwoods  disappear,  and  the  gen- 
eral forest  becomes  restricted  to  favorable  stations  on  mountain 

sides  and  summits. The  whole  coast  is  bordered  by  a 

line  of  mountains,  which  condense  the  moisture  of  the  sea-breezas 
upon  their  cool  slopes  and  summits.  These  winds,  continuing 
eastward,  descend  dry  into  the  valleys,  and  warming  as  they 
descend,  take  up  moisture  instead  of  dropping  any.  These 
valleys,  when  broad,  are  sparsely  wooded  or  woodless,  except 
at  the  north,  where  summer-rain  is  not  very  rara 

Beyond  stretches  the  Sierra  Nevada,  all  rainless  in  summer, 
except  local  hail-storms  and  snow-falls  on  its  higher  crests  and 
peal^  Yet  its  flanks  are  forest-clad ;  and,  between  the  levels  of 
3,000  and  9,000  feet,  thw  bear  an  ample  growth  of  the  largest 
coniferous  trees  known.  In  favored  spots  of  this  forest — and  only 
there — ^are  found  those  groves  of  the  giant  Sequoia^  near  kin 
of  the  Redwood  of  the  coast-ranges,  whose  trunks  are  from 
fifty  to  ninety  feet  in  circumference,  and  height  from  two 
hundred  to  three  hundred  and  twenty-five  feet  And  in  reach- 
inff  these  wondrous  trees  you  ride  through  miles  of  sugar-pines, 
vellow  pines,  spruces  and  firs,  of  such  magnificence  in  girth  and 
height,  that  the  big  trees,  when  reached — ^astonishing  as  they 
are — seem  not  out  of  keeping  with  their  surroundings. 

I  cannot  pretend  to  account  for  the  extreme  magnificence  of 
this  sierra-forest  Its  rain-fall  is  in  winter,  and  of  unknown 
bat  large  amount  Doubtless  most  of  it  is  in  snow,  of  which 
fifty  or  sixty  feet  falls  in  some  winters ;  and — diflerent  from 
the  coast  and  in  Oregon,  where  it  falls  as  rain,  and  at  a  tem- 
perature which  does  not  suspend  vegetable  action, — here  the 
winter  must  be  complete  cessation.  But  with  such  great  snow- 
fall the  supply  of  moisture  to  the  soil  should  be  abundant  and 
lasting. 

Then  the  Sierra — much  loftier  than  the  coast  ranges — rising 
from  7,000  or  8,000  to  11,000  and  14,000  feet— is  refreshed  in 
summer  by  the  winds  from  the  Pacific,  from  which  it  takes  the 
last  drops  of  available  moisture ;  and  mountains  of  such  alti- 
tude, to  which  moisture  from  whatever  source  or  direction 
must  necessarily  be  attracted,  are  always  expected  to  support 
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forests, — at  least  when  not  cut  oflf  from  sea- winds  bj  interposed 
chains  of  equal  altitude.  Trees  such  mountains  will  haya  The 
only  and  the  real  wonder  is,  that  the  Sierra  Nevada  should  rear 
such  immense  trees ! 

Moreover,  we  shall  see,  that  this  forest  is  rich  and  superb 
only  in  one  line;  that,  beyond  one  favorite  tribe,  it  is  meagre 
enough.  Such  for  situation,  and  extent,  and  surrounding  con- 
ditions, are  the  two  forests — the  Atlantic  and  Pacific — which 
are  to  be  compared. 

In  order  to  come  to  this  comparison,  I  must  refrain  from  all 
account  of  the  intervening  forest  of  the  Rocky  Mountains, — 
only  sayinff,  that  it  is  comparatively  poor  in  the  size  of  its 
trees  and  the  number  of  species;  that  few  of  its  species  are 
peculiar,  and  those  mostly  in  the  southern  part,  and  of  the 
Mexican  plateau  type;  that  they  are  common  to  the  mountain- 
chains  which  lie  between,  stretched  north  and  south  en  eghelon, 
all  through  that  arid  or  desert  region  of  Utah  and  Nevada, 
of  which  the  larger  part  belongs  to  the  great  basin  between  the 
Bocky  Mountains  and  the  Sierra  Nevada:  that  most  of  the 
Rocky  Mountain  trees  are  identical  in  species  with  those  of  the 
Pacific  forest,  except  far  north,  where  a  few  of  our  eastern  ones 
are  intermingled.  I  may  add  that  the  Rocky  Mountains  proper 
get  from  twelve  to  twenty  inches  of  rain  in  the  year,  mostly  in 
winter  snow,  some  in  summer  showers. 

But  the  interior  mountains  get  little,  and  the  plains  or  val- 
leys between  them  less;  the  Sierra  arresting  nearly  all  the 
moisture  coming  from  the  Pacific,  the  Rocky  Mountains  all 
coming  from  tlie  Atlantic  side. 

Forests  being  my  subject,  I  must  not  tarry  on  the  woodless 
plain — on  an  average  500  miles  wide — which  lies  between  what 
forest  there  is  in  the  Rocky  Mountains  and  the  western  border 
of  our  eastern  wooded  region.  Why  this  great  sloping  plain 
should  he  woodless — except  where  some  cotton -woods  and 
their  like  mark  the  course  of  the  traversing  rivers — is,  on  the 
whole  evident  enough.  Great  interior  plains  in  temperate  lati- 
tudes are  always  woodless,  even  when  not  very  arid.  This  of 
ours  is  not  arid  to  the  degree  that  the  corresponding  regions 
west  of  the  Rocky  Mountains  are.  The  moisture  from  the 
Pacific  which  those  would  otherwise  share,  is — as  we  have 
seen — arrested  on  or  near  the  western  border,  by  the  coast- 
ranges  and  again  by  the  Sierra  Nevada;  and  so  the  interior 
(except  for  the  mountains),  is  all  but  desert. 

On  the  eastern  side  of  the  continent,  the  moisture  supplied 
by  the  Atlantic  and  the  Gulf  of  Mexico  meets  no  such  obstruc- 
tion. So  the  diminution  of  rain-fall  is  gradual  instead  of 
abrupt.  But  this  moisture  is  spread  over  a  vast  surface,  and  it 
is  naturally  bestowed,  first  and  most  on  the  seaboard  district, 


A.  Chratf — Forest  Geography  and  Archoeology.  98 

and  least  on  the  remote  interior.  From  the  lower  Mississippi 
eastward  and  northward,  including  the  Ohio  Biver  basin,  and 
so  to  the  coast,  and  up  to  Nova  Scotia,  there  is  an  average 
of  forty -seven  inches  of  rain  in  the  year.  This  diminishes 
rather  steadily  westward,  especially  northwestward,  and  the 
western  border  of  the  ultra-Mississippian  plain  gets  less  than 
twenty  inches. 

Indeed,  from  the  great  prevalence  of  westerly  and  southerly 
winds,  what  precipitation  of  moisture  there  is  on  our  western 

?lains  is  not  irom  Atlantic  sources,  nor  much  from  the  Gulf, 
'he  rain-chart  plainly  shows  that  the  water  raised  from  the 
heated  Gulf  is  mainly  carried  northward  and  eastward.  It  is  this 
which  has  given  us  the  Atlantic  forest  region  ;  and  it  is  the  limi- 
tation of  this  which  bounds  that  forest  at  the  west  The  line  on 
the  rainchart  indicating  twenty-four  inches  of  annual  rain  is 
not  far  from  the  line  of  the  western  limit  of  trees,  except  far 
north,  beyond  the  Great  Lakes,  where,  in  the  coolness  of  high 
latitudes,  as  in  the  coolness  of  mountains,  a  less  amount  of 
rain-fall  suffices  for  forest  growth. 

We  see,  then,  why  our  great  plains  grow  bare  as  we  proceed 
from  the  Mississippi  westward ;  though  we  wonder  why  this 
should  take  place  so  soon  and  so  abruptly  as  it  does.  But,  as 
already  stated,  the  general  course  of  the  wind-bearing  rains 
from  the  Gulf  and  beyond  is  such  as  to  water  well  the  Missis- 
sippi valley  and  all  eastward,  but  not  the  district  west  of  it 

It  does  not  altogether  follow  that,  because  rain  or  its  equiva- 
lent is  needed  for  forest,  therefore  wherever  there  is  rain 
enough,  forest  must  needs  cover  the  ground.  At  least  there 
are  some  curious  exceptions  to  such  a  general  rule, — excep- 
tions both  ways.  In  the  Sierra  Nevada  we  are  confronted  ^with 
a  stately  forest  along  with  a  scanty  rain-fall,  with  rain  only  in 
the  three  winter  months.  All  summer  long,  under  those  lofty 
trees,  if  you  stir  up  the  soil  you  may  be  choked  with  dust. 
On  the  other  hand,  the  prairies  of  Iowa  and  Illinois,  which 
form  deep  bays  or  great  islands  in  our  own  forest-region,  are 
^read  under  skies  which  drop  more  rain  than  probably  ever 
mils  on  the  slopes  of  the  Sierra  Nevada,  and  give  it  at  all  sea- 
sons. Under  the  lesser  and  brief  rains  we  nave  the  loftiest 
trees  we  know :  under  the  more  copious  and  well-dispersed  rain, 
we  have  prairies,  without  forest  at  all. 

There  is  little  more  to  say  about  the  first  part  of  this  para- 
dox ;  and  I  have  not  much  to  say  about  the  other.  The  cause 
or  origin  of  our  prairies — of  the  unwooded  districts  this  side 
of  the  Mississippi  and  Missouri — has  been  much  discussed,  and 
a  whole  hour  would  be  needed  to  give  a  fair  account  of  the 
diflTerent  views  taken  upon  this  knotty  question.  The  only 
settled  thing  about  it,  is,  that  the  prairies  are  not  directly 
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owing  to  a  deficiency  of  rain.     That,  the  rain-charts  settle,  as 
Professor  Whitney  well  insists. 

The  prairies  which  indent  or  are  enclosed  in  oar  Atlantic 
forest-region,  and  the  plains  beyond  this  region,  are  different 
thinga     But,  as  the  one  borders — and  in  Iowa  and  Nebraska 

E asses  into — the  other,  it  may  be  supposed  that  common  causes 
ave  influenced  both  together,  perhaps  more  than  Professor 
Whitney  allows. 

He  thinks  that  the  extreme  fineness  and  depth  of  the  usual 
prairie  soil  will  account  for  the  absence  of  trees ;  and  Mr.  Les- 
quereux  equally  explains  it  by  the  nature  of  the  soil,  in  a  dif- 
terent  way.  These,  and  other  excellent  observers,  scout  the 
idea  that  immemorial  burnings,  in  autumn  and  spring,  have 
had  any  effect  Professor  Shaler,  from  his  observations  in  the 
border  land  of  Kentucky,  thinks  that  they  have, — that  there 
are  indications  there  of  comparatively  recent  conversion  of 
oak-openings  into  prairie,  and  now — since  the  burnings  are 
over— of  the  reconversion  of  prairie  into  woodland. 

I  am  disposed,  on  general  considerations,  to  think  that  the 
line  of  demarcation  between  our  woods  and  our  plains  is  not 
where  it  was  drawn  by  natura  Here,  when  no  physical  bar- 
rier is  interposed  between  the  ground  that  receives  rain  enough 
for  forest,  and  that  which  receives  too  little,  there  must  be  a 
debateable  border,  where  comparatively  slight  causes  will  turn 
the  scale  either  way.  Difference  in  soil  and  difference  in  expo- 
sure will  here  tell  decisively.  And  along  this  border,  annual 
burnings — for  the  purpose  of  increasing  and  improving  buffalo- 
feed — practiced  for  hundreds  of  years  by  our  nomade  prede- 
cessors, may  have  had  a  very  marked  effect.  I  suspect  that 
the  irregular  border  line  may  have  in  this  way  been  rendered 
more  irregular,  and  have  been  carried  farther  eastward  wher- 
ever nature  of  soil  or  circumstances  of  exposure  predisposed 
to  it. 

It  does  not  follow  that  treas  would  re-(X5cupy  the  land  when 
the  operation  that  destroyed  them,  or  kept  them  down,  ceased. 
The  established  turf  or  other  occupation  of  the  soil,  and  the 
sweeping  winds,  might  prevent  that  The  difficulty  of  reforest- 
ing bleak  New  England  coasts,  which  were  originally  well 
wooded,  is  well  known.  It  is  equally,  but  probably  not  more 
difficult  to  establish  forest  on  an  Iowa  prairie,  with  proper 
selection  of  trees. 

[To  be  continued.] 
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Art.  X. — On  the  Structure  and  Origin  of  Mountains,  with  special 
rejerence  to  recent  objections  to  the  ^^  Oontractional  Theory ;"  by 

Joseph  LsConte. 

(Bead  before  the  National  Academy  of  Sdencee,  April  19, 1878.) 

In  order  to  write  intelligibly  on  this  subject  it  is  necessary 
first  of  all  to  define  clearly  in  what  sense  we  shall  use  the  word 
mountain.  In  popular  and  even  in  scientific  language  this 
word  is  used  to  express  every  considerable  elevation  above  the 
general  level  of  the  earth  surface,  whatever  be  its  extent  or  its 
mode  of  ongin.  It  is  applied  equally  to  a  complex  system  of 
ranges  formed  at  difierent  times,  such  as  the  Andes,  the  North 
American  Cordilleras,  or  the  Appalachian ;  or  to  each  one  of 
the  components  of  such  a  system,  as  for  example  the  Coast 
Range,  the  Sierra  or  the  Wahsatch  :  or  to  each  one  of  the  com- 
ponent parts  of  these  components,  or  even  to  separate  isolated 
peaks  upon  these  last  whether  formed  by  erosion  or  by  vol- 
canic ejections.  In  this  paper  I  shall  call  an  aggregate  of 
ranges  formed  at  difierent  times  a  mountain  system  or  chain. 
Each  monogenetic*  component  of  such  a  system,  such  as  the  Sierra 
I  shall  call  a  Range.  The  components  of  these  again,  whether 
formed  by  erosion  or  by  foldings,  or  by  fissures  and  slips,  I 
shall  call  Ridges.  Isolated  peaks,  whether  of  erosion  or  of 
volcanic  ejections,  are  so  obviously  distinct  in  their  mode  of 
orieiQ,  that  they  need  not  trouble  us  in  this  discussion. 

Now,  a  theory  of  mountain-formation  is  essentially  a  theory  of 
the  formation  of  Ranges.  For,  on  the  one  hand  a  mountain- 
system  is  but  an  aggregate  of  ranges  more  or  less  parallel  to 
each  other  in  the  same  general  region  but  formed  at  different 
times,  and  the  addition  of  range  to  range  in  the  formation  of 
such  a  polygenetic  system,  even  though  there  may  be  a  general 
bulging  of  the  whole  region,  introduces  no  new  element  in  the 
discussion  ;  and  on  the  other  hand  the  subsequent  formation  of 
ridges  and  peaks  by  erosion  belong  not  to  the  category  of 
mountain  formation  at  all,  but  to  that  of  mo\xn\A\nrSculpture. 
Sometimes,  it  is  true,  ridges  are  formed  also  by  faulting,  but 
in  all  cases  they  are  subsequent  to  the  formation  of  the  mouritain 
proper — in  all  cases  they  belong  to  the  category  of  mountain 
dicay^  not  to  that  of  mountain-origin.  It  seems  to  me  that 
much  of  the  refined  classifications,  and  of  the  minute  divisions 
and  subdivisions  of  types  of  mountains,  in  which  some  recent 
writers  have  indulged  is  the  result  of  an  imperfect  recognition 
of  the  distinctions  enforced  above.  Limited,  as  above,  moun- 
tain ranges  are,  I  believe,  always  formed  by  horizontal  pressure 

*  A  weU  ohoBen  word  often  helps  greatly  to  dear  up  a  subject    We  are  in- 
dsbled  lor  this  one  to  Professor  Dana. 
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crushing  the  strata  together  and  thus  producing  foldings  and 
thickening  and  consequent  elevation.  In  what  I  shall  say  of 
mountain-structure  I  shall  be  compelled  for  the  sake  of  clear- 
ness to  assume  this.  I  hope  to  justify  this  assumption  in  what 
I  shall  subsequently  say  on  mountain-origin. 

L  Mountain- Structure, 

Mountain  ranges  may  be  conveniently  divided  into  two  gen- 
eral classes  which,  however,  graduate  completely  into  each 
other,  viz:  those  which  are  composed  of  a  single  aniiclknal 
fold,  and  those  which  are  composed  of  a  number  of  folds 
alternately  anticlinal  and  synclinal,  either  open,  as  in  the  Jura, 
or  closely  appressed,  as  in  the  Appalachian,  the  Coast  Range, 
the  Alps,  and  many  others.  The  one  kind  is  formed  where  the 
earth  crust  is  more  rigid^  the  other  where  it  yields  more  readily 
to  the  horizontal  pressure.  Both  kinds  are  greatly  modified, 
sometimes  by  metamorphism,  sometimes  by  faulting,  sometimes 
by  volcanic  outbursts,  and  always  by  subsequent  erosion. 

1.  Mountains  of  a  single  fohL — The  simplest  conceivable 
mountain  range  consists  of  a  single  anticlinal  fold  of  a  series 
of  strata.  In  such  cases  the  deeper  strata  of  the  series  are 
thickened  and  swelled  upward  by  the  horizontal  pressure, 
while  the  upper  strata  are  raised  into  a  vault  with  little  or  no 
thickening,  or  may  even  be  thinned  and  broken  by  tension. 
Nearly  always  the  yielding  is  greater  on  one  side  than  on  the 
other;  so  that  the  vault  is  unsymmetrical.  In  such  cases  a 
great  fissure  and  slip  is  apt  to  occur  on  the  steeper  sida  The 
followins^  ficTure  {^g,  1)  is  an  ideal  section  of  such  a  mountain 

J  before  erosion   had   modified 

its  form,  or  rather  (since  up- 
swelling  and  erosion  goes  on 
together  j)^'"'^  passu)  as  it 
would  be  if  restored.  Now  it 
is  evident  that  in  the  forma- 
tion of  such  a  vault,  fissures 
would  almost  certainly  be 
formed;  and  if  beneatli  the 
vault  there  should  exist  a 
mass  of  fused  or  semi-fused 
matter  (sub-mountain  molten 
matter),  formed  either  by  the 
invasion  of  the  deeper  sediments  with  their  included  waters, 
by  the  interior  heat  of  the  earth  during  the  preparatory  process 
of  sedimentation,  or  by  the  heat  evolved  by  crushing  in  the  act 
of  formation  itself  of  the  mountain,  dislocations  would  be  apt 
to  occur :  and  further,  both  the  fissures  and  the  faults  would 
be  most  apt  to  occur  just  where  the  bending  of  the  strata  is 
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greatest,  viz :  on  the  side  of  the  steeper  slope.     Such  &  fault  19 
ideally  represented  in  figure  2. 

But  very  few  artAt  mountain  ranges  belong  to  this  simpler 
trpe.  Perhaps  the  best  illustration  wliich  can  be  fonnd  is  the 
Uintah  Moantains.  The  figure  given  above  (fig,  1)  may  be 
taken  as  an  ideal  simplified  restoration  of  the'  outline  and 
structure  of  this  mountain.  This  simple  structure,  however,  ia 
complicated  in  a  portion  of  its  extent  by  a  prodigious  fault  of 
20.000  feet  on  the  north  or  originally  steeper  side,  just  where 
the  bend  of  the  strata  is  greatest,  as  in  the  ideal  figure  (fig,  2). 
Figure  8  is  a  perspective  view  taken  from  Powell,  showing  in 


its  upper  part  the  restored  form  and  the  amount  of  slip  on  the 
DortD  side,  and  in  the  lower  part  the  amount  of  subsequent 
erosion,  in  this  case,  25,000  feet  in  thickneHs. 

If  the  crust  in  the  uprising  region  be  extremely  rigid,  then  the 
vault  instead  of  being  forty  or  fifty  miles  across,  as  in  the  case 
of  the  Uintah  Mountains,  may  be  a  hundred  or  several  hundred 
milea  across.  In  such  case  a  great  plateau  js  formed  (geanticline 
of  Dana).  And  since  an  arch  of  such  extent,  whether  filled  or 
anfiUed  beneath  with  fused  or  semi-fused  matter,  cannot  sus- 
lain  itself,  such  elevated  plateaus  are  peculiarly  liable  to  ^• 
mrea  by  breaking  down  of  the  arch,  and  to  slips  by  gravitative 
adjustment  of  the  broken  parts.  If  such  faults  be  of  compara- 
tively recent  origin,  or  occur  in  a  region  where  erosion  is  ex- 
ceptionally small,  then  they  will  form  conspicuous  escarpments 
or  even  conspicuous  moMniain-ridges  in  the  general  direction  of 


portion  of  UUh.    (Alter  Uowell). 
the  axis  of  the  uplift     Such  is  evidently  the  origin  of  the 
norUi  and  south  escarpments  of  the  plateau -region  described  by 
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Powell  (fig.  4),  and  of  the  north  and  south  monoclinal  ranges 
{ridges)  in  the  Basin-region  described  by  Gilbert  and  Howell 
(fig.  5).  These  mountains  are  evidently  formed  by  the  break- 
ing down  of  a  great  arch  (geanticline).  Perhaps  the  arching 
and  the  breaking  down  may  have  gone  on  together  pari /memu. 
But  in  any  case,  certainly  the  whole  arch  must  be  regarded  as  a 
Tnonogenetic  upheaval  and  therefore  corresponds  to  what  I  have 
called  a  Range,  and  the  so-called  north  ana  south  ranges  are  not 
ranges  but  ridges. 

Again :  a  simple  anticlinal  fold  such  as  I  have  described, 
may  be  greatly  modified  by  metamorphism.  This  is  especially 
apt  to  be  the  case  if  the  strata  be  very  thick  and  the  fold  be 
narrow  and  high ;  that  is,  if  the  compression  in  a  given  space 
and  therefore  the  heat  of  compression  be  very  great  If  now, 
such  a  sharp  fold,  metamorphosed  in  its  deeper  strata  along  the 
line  of  greatest  compression,  be  subjected  to  profound  erosion, 
it  forms  a  common  type  of  mountain,  viz :  one  consisting  of  a 
granite  or  highly  metamorphic  axis  flanked  on  either  side  with 
tilted  strata  corresponding  to  each  other.  The  early  geologists 
held,  and  many  even  now  hold,  that  in  such  cases  the  granite 

g  axis  was  pushed  up  through 

the  broken  and  parted  stra- 
ta. But  it  is  far  more  prob- 
able in  all  cases,  and  certain 
in  many  cases,  that  the  weak- 
ened and  broken  -  backed 
anticlinal  has  been  cut  away,  and  the  deeper-seated  and  there- 
fore metamorphic  and  therefore  also  harder  strata  have  been 
exposed  along  the  axis,  as  shown  in  the  ideal  section,  figure  6. 
2.  Mountains  of  many  folds, — We  have  thus  far  spoken  only 
of  mountains  consisting  of  a  single  anticlinal  fold  modified  by 
metamorphism,  by  faults  and  by  subsequent  erosion.  But 
great  mountain  ranges  most  commonly  consist  of  many  folds, 

alternately  anticlinal  and  syn- 

atfi III (iffTrfc^^' Vc^  clinal ;  either  open  as  the  case 

-g^^^timmm^wr^f^^^^  V\      of   the  Jura   or  more   usually 

Section  across  Coast  Range,  from  San    closely  appressed  as  in  the  Ap- 
Francisco  Bay  to  Livermore  Valk-y,    palachian,    the    Coast    range   of 

showing  plication  by  horizontal  press-  California,  and  the  Alps.     The 

structure  of  the  Appalachian  is 
well  known  and  therefore  needs  no  illustration.  The  Coast 
range  of  California,  as  I  have  shown  (this  Journ.,  ii,  297,  1876) 
consists  of  at  least  ^vo  anticlines  and  as  many  synclines  closely 
appressed  so  that  fifteen  to  eighteen  miles  of  original  sea-bottom 
is  compressed  into  six  miles.  As  this  range  may  be  regarded 
as  the  type  of  this  class  I  introduce  here  the  section  used  in  the 
paper  referred  to.     The  structure  of  the  Alps  is  similar  but  even 
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more  complex.  Renevier  has  recently  shown*  that  the  Vaudoise 
Alps  consist  of  seven  anticlines  and  synclines  closely  appressed 
and  often  even  overturned.  The  fan-structure  so  common  in 
mountains  in  which  the  horizontal  mashing  has  been  extreme  is 
probably  in  most  cases,  the  result  of  an  arch  strongly  pressed 
together  at  the  base,  spreading  at  the  top  by  its  weight,  and  per- 
haps broken  by  tension,  and  the  whole  powerfully  eroded,  as 
shown  in  the  ideal  diagram,  fig.  8.  This  is  the  view  now  taken 
by  Favre,  by  Lory,  by  Heim  and  Griordano  and  other  Alpine 
geologists.f  A  similar  structure,  however,  may  result  also  from 
the  erosion  of  a  closely  appressed  syncline,  as  shown  in  fig.  9. 

8. 


9. 


Ideftl  section  showing  how  fan-  Ideal  section  showing  how  fan- 

stnicture  maj  bo  produced  by  structure  may  be  produced  by 

erosion  of  an  anticline.  erosion  of  a  syncline. 

The  kind  of  mountains  just  described  and  of   which  the 
Coast  Bange  may  be  taken  as  the  simplest  type,  is  that  which 
is  always  formed  when  the  crust  of  the  earth  yields  sufficiently 
easily  to  the  horizontally-acting  mountain-making  force.     Ol 
oouree  in  such  cases  the  whole  mass  of  crumpled   strata  is 
swelled  up  into  a  great  anticline  composed  of  many  smaller 
alternate  anticlines  and  synclines,  like  a  great  wave  on  which 
ride  many  smaller  waves.     Now,  since  all  the  grandest  moun- 
tain ranges  belong  to  this  type,  since  in  these  the  amount  of 
horizontal  compression  and  therefore  the  vertical  up-swelling  is 
the  greatest,  it  is  evident  that  in  these  also  we  find  the  greatest 
modifications  by  contemporaneous  metamorphism  and  by  sub- 
sequent erosion.     These  are  also  equally,  with  the  other  kind, 
sobject  to  fissures  and  slips ;  but  the  slips  in  this  case  are  not 
usually  drops^  by  gravitative  adjustment,  hxxi push-overs  by  hori- 
zontal pressure.     Thus  arise  two  distinct  kinds  of  slips :  In  the 
one,  the  more  common  or  normal,  the  strata  drop  on  the  hang- 
ing-wall side  of  the  fissure,  in  the  other  or  reverse  fault,  the 
strata  on  the  hanging-wall  side  is  slidden  up  and  over  the  other 
ade  by  the  sheer  force  of  the  horizontal  pressure.     The  former 
is  characteristic  of  more  gentle  foldings  and  is  shown  in  the 
figure  already  given  (fig.  5)  from  the  Plateau  region  ;  the  latter 
is  characteristic  of  strong  foldings,  and  is  well  shown  in  many 
of  the  faults  of  the  Appalachian  chain,  especially  in  that  of 

♦  Archiyes  des  Sciences,  vol.  lix,  p.  5,  1877. 
t  Ibid.,  vol  xlvi,  301 ;  vol.  xlix,  H9. 
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Southern  Virginia,  described  by  Bogers  and  figared  by  Lesley. 
It  is  probable  that  many  early-formed  mountain  ranges  be- 
longing to  either  type,  but  especially  to  the  type  we  have 
just  considered,  have  been  utterly  swept  away  by  erosion,  leav- 
ing only  highly  metamorphic  and  crumpled  strata  to  attest 
their  former  existence  and  place.  These  are  in  fact  extinct 
mountains — their  forms  are  gone ;  only  their  buried  and  fossil- 
ized skeletons  remain. 

Again :  in  all  mountain  ranges,  but  especially  in  those  of 
this  type,  the  great  swell  constituting  the  range,  and  often  also 
the  subordinate  wavelets,  are  unsymmetrical,  the  slope  on  one 
side  being  long  and  gentle,  and  on  the  other  short  and  abrupt 
The  crest  is  near  one  side:  the  wave  is,  as  it  were,  ready  to 
break,  or  has  already  broken.  This  asymmetric  form  has 
been  shown  by  Suess  to  exist  in  the  Alps,  the  Appenines,  the 
Carpathians,  the  Jura,  the  Caucasus  and  nearly  all  conspicuous 
mountains.  It  is  admirably  shown  in  the  Sierra,  the  Appa- 
lachian, and  to  a  less  extent  in  the  Uintah.  It  may  be 
regarded  as  the  typical  form  of  a  monogenetic  upheaval 
(Range).  On  the  steeper  side,  on  account  of  the  great  fractures 
which  occur  there,  the  greatest  volcanic  outbursts  are  usually 
found. 

The  Sierra  Nevada  may  be  taken  as  a  typical  example  both 
in  form  and  in  structure  of  a  monogenetic  upheaval,  or  what  I 
have  called  a  Range.  As  to  form:  this  range  rises  on  its 
western  side  from  the  San  Joaquin  plains,  only  about  a  liun- 
dred  feet  above  sea  level,  by  a  very  gradual  slope  of  fifty  to 
seveoty  miles  in  length,  until  it  reaches  a  crest  12,000  to  16,000 
feet  in  height,  and  then  plunges  down  by  a  steep  slope  which 
reaches  the  plains  of  Lake  Mono,  or  Owen's  River  valley  5,000 
feet  high  in  six  or  seven  miles.  As  to  structure:  it  consists  of  a 
granite  axis  twenty  to  twenty-five  miles  wide,  flanked  on 
either  side  by  slates  and  schists  dipping  at  a  high  angle.  Fig. 
10  is  a  generalized  section  of  the  Sierra,  from  the  San  Joaquin 
plains,  S.  J.  P.,  to  Lake  Mono,  L  M.,  showing  the  typical  con- 
tour of  a  mountain  ranga 
^^*  On  the  long  western  slope 

the  slates  and  schists  outcrop 
nearly    perpendicularly    (in 
many  parts,  in  fact,   under- 
Generalized  section  across  Sierra  Mountains  dippino^  the  ran^e)  for  thirty 
from  San  Joaquin  plains  to  Lake  Mono.       ^,    ^^,fy    miles,    then     there 

occurs  a  broad  interval  of  granite,  twenty  to  twenty-five  miles 
wide,  after  which  the  slates  reappear,  forming  the  highest  sum- 
mits, such  as  Mounts  Lyell  and  Dana,  and  the  whole  eastern 
slope.  So  simple  appears  the  structure  of  this  mountain,  that 
we  might  imagine  that  it  consists  of  only  one  grand  fold,  eroded 
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aloDg  its  crest  until  the  granite  is  exposed,  and  thus  that  it  falls 
under  the  first  type.  But  this  is  probably  not  so,  because  forty 
miles  of  slates  and  schists  outcropping  at  high  angle  would 
give  an  incredible  thickness  of  sediments  if  we  regard  them  as 
a  single  unrepealed  series.  It  is  probable,  therefore,  that  these 
flanking  slates  really  consist  ii. 

of  several  closely  appressed  ^.-' ^-., 

folds,  afterward  deeply  eroded 
so  as  to  simulate  a  single  se- 
ries. Fig.  11  is  an  ideal  dia- 
gram-restoration of  a  series  of ______._^ 

closely  appressed  folds  such  ideal  diagram  showing  probable  strncture 
as    might    have    formed    the  of  the  Sierra  Nevada  range. 

Sierra  Nevada,  showing  the  grand  wave  composed  of  enormous 
thickness  of  sediments,  the  subordinate  wavelets,  composed  of 
the  upper  crumpled  portions  of  the  series,  the  lower  portions 
being  metamorphosed  into  granites  and  exposed  along  the  axis 
by  erosion. 
Again :  the  Sierra  range  is  an  admirable  example  of  a  fold 

Massing  gradually  into  a  feult.     In  the  northern  portion  of  Lake 
*ahoe  the  slates  occupy  a  broad  area  on  both,  slopes^  though 
largely  covered  on  the  eastern   slope   by  volcanic  ejections; 
the    two   slopes  are  more  equal  and  the  height  of   the  crest 
is  moderate,  only  about  9,000  to  10,000  feet     The  great  wave 
is  more  normal  (fig.  12,  a,)     In  the  middle  portion,  about  Lake 
Mono,  the  eastern  slate-area  is  far   narrower,  the  two  slopes 
more  unequal  and  the  crest   higher,  viz:    13,000  feet.     The 
great  wave  is  ready  to  break  (fig.  12,  6).     In  the  southern  portion 
about  Lake  Owen,  the  eastern  slope  is  still  more  abrupt,  the 
eastern  slates  have  entirely  disappeared,  granite  alone  forming 
the  summit  and  the  whole  eastern  wall,  and  the  crest  here 
reaches  its  highest  point,  near  15,000  feet     The  great  wave  has 
Qi  last  broken  with  the  formation  of  a  prodigious  fault  (fig.  12,  c). 
Bemembering  that  the  escarpment  is  here  10,000  to  11,000  feet, 
and  that  the  whole  thickness  of  the  slates  has  been  removed  by 
erosion  from  its  summit,  and  that  their  eastern  continuation  lies 
buried  beneath  the  soil  of  the  plains  below,  we  cannot  estimate 
this  slip  as  less  than  15,000  feet      It  is  probably  much  more. 
It  is  almost  certain   that  it 
was  a  slight  re -adjustment 
of  this  slip  which  caused  the 
Inyo  earthquake  of  March, 
1872.     In  fig.  12,  a,  6,  c,  are 
generalized    sections    repre- 
senting these  facts.     It  is  on 
the  steep  slope  side,  or  else  along  the  crest,  that  all  the  great 
volcanic  outoursts  have  occurred.     This  is  exactly  what  we 
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migbt  flzpe(A;  for  the  squeezing  out  of  tbe  sub  •  mountaia 
fsMd  or  Hmi-fowd  matter  would  naturally  take  place  there, 
where  boA  tbe  flflStU'iiig  nnd  the  Bqiieezing  »re  greatest. 

In  ooodwioo  there  are  two  or  three  Buggestiotis  which  seem 
approtmate  here. 

a.  In  die  Basin  and  Plateau  regions  there  occur  many  paral- 
lel north  and  aonth  faults.  In  the  Plateau  region  these  form 
esoatpmenta  separating  level,  or  nearly  level  labks.  In  the 
Basin  region  they  form  decided  north  and  south  ridges.  Now 
h  is  a  remaAabte  fKt  that  in  the  southern  part  of  these  two 
legitKia  Just  where  the  Plateau  is  highest,  all  the  western 
fmlta  <■  the  PlMwu  region  and  all  the  faulte  of  tbe  Basin 
r^on  drop  on  their  west  side,  so  that  the  escarpmcnta  look 
weetwaid.  Bat  the  Sierra  escarpment,  as  we  have  already 
■eeo,  loob  eaatwld.  Now  j  ust  between  these  two,  i.  e.,  between 
the  Siotn  eaewpneut  on  the  one  side  and  tbe  Plateau  and 
Buin  eaoarramta  on  the  other  and  overlooked  by  both.  Itee 
jthe  great  de^fffeeaed  area,  occupied  by  the  alkaline  lakes, 
Ifwe  and  Owen.  It  is  probable  that  this  great  depression  is  ' 
oecK^ated  with  the  elevations  on  each  side — that  the  up-push- 
ing and  orer-pathing  of  the  Sierra  on  one  side  and  the  eleva- 
tioa  of'  the  great  Plateau  with  the  formation  of  the  Basin  -< 
ridges  on  the  other,  was  attended  with  a  depression  of  the 
alkaliue-Iake  region  between,  causing  the  eecarpmenta  on  either 
side  to  look  that  way.  It  is  noteworthy  also  that  just  where 
tbe  up-folding  of  the  Sierra  on  the  one  side  and  the  up-lifting 
of  the  Plateau  on  tbe  other  is  greatest,  there  also  the  down-fold- 
ing of  tbe  intervening  basin  is  also  greatest.  The  wonderful 
Owen's  River  valley,  with  the  Sierra  near  15,000  feet  on  one 
side  and  the  Inyo  Mountains  10,000  to  14,000  feet  high  on  the 
other,  with  only  thirty  miles  from  crest  to  crest,  is  this  down- 
folded  trough.  Only  forty  miles  from  Mount  Whitney,  tbe 
highest  point  on  the  Sierra  and  in  the  United  States  except 
Mount  St.  Elias  in  Alaska,  occurs  Dea^-valley,  which  is  seve- 
ral hundred  feet  below  sea-leveL 

b.  According  to  M.  Suess's  view  (if  I  understand  him  aright), 
the  typical  form  of  mountaia  ranges  described  above,  ia  the 
result  of  the  fact  that  tbe  yielding  crust  which  by  compression 
and  upswelling  forms  tbe  Bange,  is  abutted  against  an  ttnyield- 
ing  mass  of  previously  stiffened  crust.  Thus  according  to  bim 
tbe  Alps  was  pushed  over  against  tbe  resistant  crust  of  the 
Black  Forest  and  Central  France,  and,  therefore,  its  steep  slope 
is  toward  the  north.  Tbe  Appalachian  was  pushed  over 
toward  the  already-stiffened  Silurian  and  Laarentian  land- 
crust  on  the  north  and  northwest  This  ia  a  necessary  corol- 
lary to  my  view  that  mountain  ranges  are  tbe  up-pnshed  sedi- 
ments of  marginal  sea-bottoms.    For  observe:  marginal  sea- 
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bottom  sediments  are  thickest  near  shore,  and  thin  out  very 
gradually  seaward.  Such  sediments,  therefore,  even  before 
yielding,  form  a  lenticular  mass  with  the  thickest  part  near  the 
shore-edge  and  are  therefore  asymmetric.  Now  this  already 
thickest  part  is  precisely  the  line  of  greatest  yielding  and  there- 
fore of  greatest  upswelling,  and  thus  the  mountain-wave 
becomes  very  asymmetric  with  its  steeper  slope  landward. 
Finally,  the  already  asymmetric  mountain  is  pushed  over 
against  the  stiffened  land  crust,  making  a  still  steeper  slope 
which  may  even  break  on  that  side. 

Now  the  Sierra  is  again  an  admirable  illustration  of  this  law. 
The  oldest  portion  of  the  western  half  of  the  American  con- 
tinent is  prolDably  the  Basin  region,  especially  its  southern  por- 
tion running  down  into  Mexico.  During  much  of  the  Paleozoic 
and  all  the  Mesozoic  times  until  the  end  of  the  Jurassic,  this 
was  a  continental  mass  with  its  western  shore  near  the  eastern 
margin  of  the  Sierra  region.  The  Sierra  region,  as  I  have  else- 
where shown,*  was  then  a  marginal  sea-bottom  receiving  sedi- 
ments from  the  Basin-region  continent,  until  an  enormous 
thickness  had  accumulate.  When  these  thick  sediments 
began  to  yield  from  the  aqueo-igneous  softening  of  their  floor, 
they  would  first  swell  up  asymmetrically,  and  then  be  pushed 
over  against  the  stiflTened  iBasin  region  land-crust,  forming  a 
steep  slope  or  even  a  fault  and  escarpment  on  that  side. 

c.  I  have  said  that  the  Basin  region  was  land  during  Meso- 
zoic times  ;  moreover  that  the  Sierra  region  was  then  marginal 
Pacific  sea-bottom.     Now  the  Wahsatch  region  was  at  the  same 
time  a  marginal  sea-bottom  of  the  great  interior  sea  which  then 
covered  all  the  Plateau  and   Plains  region.      At  the  end  of 
the  Jurassic,  as  already  said,  the  marginal  sea-bottom  on  the 
Pacific  side  yielded,  and  the  Sierra  was  born.     Probably  at 
the  same  time  the  bottom  of  the  Jurassic  sea  of  the  Plateau 
region   went  down  and  the  more  open  Cretaceous  sea  of  that 
region  was  established.     At  the  end  of  the  Cretaceous  period 
(the  process  may  have  commenced  a  little  earlier),  the  enor- 
mously thick  mass  of  marginal  sea-bottom  sediments  (56,000  feet 
accoraing  to  King),  consisting  of  the  whole  Paleozoic  and  Meso- 
zoic series,  at  last  yielded,  and  the  Wahsatch  range  was  born. 
This  mountain  wave,  also,  as  it  rose,  was  pushed  over  to  land- 
ward until  it  broke,  forming   immense   faults  on  that  sida 
Aocording  to  theory  the  long  slope  of  this  range  ought  to  be 
on  the  east  or  seaward  side  and  the  steep  slope  on  the  west  or 
landward  side.     Such  according  to  Emmons  is,  indeed,  the  fact 
The  Wahsatch  ran^e  rises  on  the  east  by  a  gentle  slope  twenty 
miles  long,  until  it  attains  a  crest  12,000  feet  high,  and  then 
plunges  down  by  a  slope  so  steep  that  it  reaches  the  plains 

*  This  Journal,  III,  toL  iv,  p.  460  and  seq.,  1872. 
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about  Salt  Lake  4,000  feel  high  in  two  miles.  The  east  walk 
of  ihe  fiiulta  formed  here  are  12,000  feet  in  the  air— the  west 
walls  He  buried  beneath  the  soil  of  the  plains,* 

The  same  horizontal  thrust  which  pushed  up  the  Wahsatcb 
also  arched  the  stiffened  laod  crust  of  the  basiu  region  and 
formed  the  north  and  south  fissures  and  faults  of  that  region. 
The  basin  ridges  therefore  probably  belong  to  the  same  tima 

<i.  In  passing  from  the  lowest  foot-billa,  bonlering  on  the 
San  Joaquin  plains,  to  the  grauile  axis  of  the  Sierra,  we  pass. 
from  fine  fissile  clay-slates  through  schists  of  increasing  coarse-^ 
ness  to  granite.  This  is  doubtless  partly  the  result  of  increaa-ii 
ing  metamorphic  change  in  this  direction.  But  it  is  also,  f^ 
believe,  largely  due  to  a  change  in  the  character  of  the  original 
sediments.  It  the  eastern  base  of  the  Sierra  was  once  a  shore- 
line, then  coarse  sandy  sediments  would  have  been  deposited 
there  while  only  fine  clajd  and  silts  would  be  carried  farther 
out  In  sea.  The  metamorphism  of  the  more  siliceous  material 
would  certainly  produce  gneiss  and  schists,  while  the  finer 
clays  by  less  metamorphism  and  by  pressure  would  naturally 
form  fissile  alatee.  The  stratified  materials  on  the  eastern  slope 
nowhere,  as  far  as  I  know,  consist  of  pure  and  fine  argillaceous 
matter  like  those  of  the  western  foot-hills.  In  the  formation  of 
this  mountain  it  seems  probable  that  the  finer  and  softer  clays 
at  some  distance  from  shore  in  yielding  would  be  thrown  into 
many  small  folds,  while  the  somewhat  firmer  sands  nearer 
shore,  though  yielding  the  most  beneath,  because  thickest  jind 
therefore  most  softened  aqueo-igneously,  would  rise  as  one 
simple  fold,  which  would  then  be  pushed  over  and  perhaps 
break  on  the  landward  side.  I  believe  it  is  very  important 
from  this  point  of  view  to  compare  carefully  t' 
two  sides  of  mountain  ranges.  If  mountain 
swelled  marginal  sea-bottoms,  then  the  strata  o] 
though  corresponding  in  age,  and  in  fact  origin 
ought  not  to  correspond  in  liihological  character.  I  believe  w 
have  here  an  answer  to  Studer's  objection  to  Lory's  theory  of 
fan-structure  (fig.  8),  viz:  the  non -correspondence  of  the  strata 
on  the  two  sides  of  the  crest. 

II.  Origin  of  Mountains. 
In  all  I  have  thus  far  said  I  have  assumed  that  mountain 
ranges  are  formed  by  horizontal  pressure  in  the  manner  and 
under  conditions  already  fully  explained  in  my  previous  pauers. 
Recent  observations,  both  in  Europe  and  in  this  country,  Lave 
entirely  confirmed  this  view.  I  feel  quite  sure  that  the  more 
mountain  structure  is  studied  the  more  certain  will  this  view 
appear.  By  no  effort  of  the  imagination  can  we  even  conceive 
*  EnuDODB,  Survej  of  40th  parallel,  toI.  ii,  p.  340  and  aeq. 
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ranges  are  up- 
on the  two  slopes, 
nally  continuous, 
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how  a  range  having  the  structure  of  the  Appalachian,  the  Coast 
range,  the  Sierra,  the  Alps  or  the  Caucasus,  i.  e.,  a  range  con- 
sisting of  many  closely  appressed  folds,  could  have  been  formed 
except  by  horizontal  pressure.  It  is,  I  believe,  equally  incon- 
ceivabte  mat  horizontal  pressure  on  a  large  scale  can  be  produ^d 
otherwise  than  by  interior  contraction  of  the  earth.  Ranges  con- 
sisting of  a  single  fold  like  the  Uintah  are  equally  well  explained 
by  the  same  kind  of  pressure  ;  and  therefore  it  seems  unneces- 
sary to  seek  a  diflferent  explanation  for  these.  My  own  con- 
viction therefore  is  that  all  mountain  ranges  have  been  formed 
in  a  substantially  similar  manner.  But  since  the  publication 
of  ray  papers,  some  objections  have  been  urged  against  this 
conclusion,  which  must  now  be  examined. 

The  only  serious  objection,  based  upon  structure^  which  has 
ever  been  made  to  this  view  as  applicable  to  all  mountains,  has 
been  advanced  by  some  of  the  explorers  of  the  Plateau  and 
Basin  regions.  According  to  Poweil  and  Gilbert,  while  many 
mountains,  namely,  those  of  the  Appalachian  type,  including 
the  Appalachian,  the  Coast  range  ana  the  Alps,  are  manifestly 
formed  by  horizontal  pressure,  the  great  level  tables  terminated 
by  north  and  south  cliffs  of  the  Plateau  region,  and  the  parallel 
escarped,  monoclinal  ridges  of  the  Basin  region  are  more  prob- 
ably produced  by  direct,  upward  lifting  forces.  But  we  have 
alreadv  shown  that  these  are  not  raonogenetic  ranges  at  all,  but 
only  tlie  displaced  parts  of  one  great  monogenetic  bulge.  There 
has  indeed  been  a  vertically  acting  force  concerned  in  forming 
these  ridffes ;  but  it  was  not  a  vertically  up-lifting  but  a  vertically 
down-puUing  force.  It  was  a  mere  gravitative  adjustment  of 
the  broken  parts  of  the  great  arch  lifted  as  usual  by  horizontal 
pressure. 

The  objection  just  mentioned  is  brought  forward  by 
thorough  structural  geologists  educated  in  the  field;  the  objec- 
tions now  about  to  be  mentioned  are  on  the  contrary  brought 
forward  by  mathematical  physicists.  The  former  is  an  objec- 
tion not  to  the  contractional  theory,  but  to  the  universal  applica- 
hilitg  of  that  theory ;  the  latter  are  fundamental  objections 
aimed  at  the  theory  itself.  These  physical  objections,  too,  are 
put  forward  with  so  much  confidence  and  with  such  a  bristling 
array  of  mathematical  formulae  that  they  seem  to  many  to  fall 
little  short  of  demonstrative  certainty.  It  becomes  tnerefore 
the  more  necessary  that  we  should  examine  them  carefully. 

The  first  objection  is  this:  It  is  said  that  interior  contraction 
connot  concentrate  its  effects  along  certain  lines  (viz.,  mountain 
langes)  without  a  slipping  or  a  shearing  of  the  exterior  shell 
upon  the  interior  nucleus  ;  but  such  slipping  is  impossible  in  a 
w/ii  earth.  I  have  long  felt  this  as  a  really  serious  objection 
to  the  special  form  of  the  contractional  theory  expressed  in  my 
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paper.    But,  let  it  be  borne  in  mind  that  it  ia  no  atjtdian  ol  off 

to  the  conbw^nai  Aet/ry,  but  only  ta  that  form  of  ii  which  OMsumes 
Ae  eompt^  aaHdOif  of  t/ie  earth.  Tbere  can  be  qo  dilGcuUy  in 
the  way  of  oonoentmtioD  of  tbe  effects  of  interior  contraclion 
iloQg  oertaUD  lines  so  ns  to  give  rise  to  mooDtain  ranges,  if  tbe 
eartn  be  lioaid  beoeaUi  a  solid  crust,  aa  maintained  by  Eome; 
or  if  tbere  be  a  layer  of  aqueo  igneously  fused  or  semi-fused 
matter  between  a  solid  crust  and  a  solid  nucleus.*  as  maintained 
by  niany  (rf  the  very  beat  geologists.  To  tbe  idea  of  a  sub- 
itaotially  liquid  earth  covererl  only  with  a  thin  solid  shell,  I 
believe  tiiere  are  insuperable  objections ;  but  the  existence  of 
a  layer  (A  Bemi-fosed  matter  would  not  interfere  with  the  sub- 
stantial solidity  of  the  earth  in  all  its  cosmical  relations.  Tbe 
conoentratioQ  of  lateral  crushing  along  certain  lines  seems  to 
reqaire  not  faowever  an  universal  semi-liquid  sub-cruat  layer 
bat  onlf  laif;e  areas  of  the  crust  thus  underlaid.  These  areas 
are  uDOOabtedly  Ulo  ocean  beds  which,  as  we  have  alreudy 
aaid  in  oar  previona  paper,  are  tbe  most  contractile  portion. 

A  seooad  obrjeotion  urged  against  the  contr-aclional  theory 
ja  this:  tbe  amoutU  of  contraction  produced  by  secular  loss  of 
heat,  it  it  nid,  ia  wholly  inadequate  to  produce  the  foldings 
which  we  actually  flii<l,  being  in  fact  demonstrably  very  small. 
Kow  asBuming  m&\  in  so  complex  a  problem,  all  the  data  are 
correct  and  the  reasoning  logical  (a  large  assumption,  when  we 
remember  the  difference  of  views  among  the  best  physicists  on 
some  geological  questions  and  the  frank  admission  of  grave 
error,  recently  by  one  of  tbe  most  eminent),!  allowing  I  say 
the  objection  its  full  weight  and  all  the  certainty  claimed  for 
it ;  still  it  is  evident  that  this  is  no  objection  at  all  to  the  contrac- 
tional  theory ;  but,  again,  only  to  a  particular  form  of  that  theory, 
viz :  that  which  assumes  the  contraction  to  be  tbe  result  soMy 
of  loss  of  heat  This,  it  ia  true,  has  seemed  the  most  obvious 
cause  of  contraction.  It  is  certainly  a  true  cause  even  if  it  be 
not  by  itself  a  sufficient  cause.  There  are,  however,  other  causes 
of  contraction  conceivable,  and  perhaps  still  others  not  yet 
dreamed  of.  Other  things  besides  the  earth  shrink  and  shrivel, 
and  in  some  cases  without  loss  of  heat  Apples  shrivel  by 
loss  of  moisture,  and  old  people's  faces  wrinkle  for  tbe  same 
reason.  Now  is  it  not  barely  possible  that  there  may  be  other 
causes  of  shrinkage  of  the  earth  and  the  wrinkling  of  its  face, 
besides  loss  of  heat  ? 

It  is  welt  known  that  immense  quantities  of  gas  and  vapors, 
especially  steam,  issue  from  volcanoes.  This  steam  is  usually, 
and  perhaps  truly,  supposed  to  be  derived  from  above — to  lie. 


J,  LeConte — Structure  and  Origin  of  Mountains.         107 

in  fact,  percolating  meteoric  water.  But  0.  Fisher*  believes  that 
volcanoes  are  the  vents  of  superheated  gases  and  steam  from 
the  inUrior — so  superheated  that  they  fuse  their  way  to  the 
surface  and  so  escape.  These  gases  and  steam,  according  to 
him,  are  not  meteoric  but  original  and  constituent.  This  view  of 
the  cause  of  volcanoes  has  been  highly  commended  by  the 
distinguished  vulcanologist  Scrope,  and  at  least  deserves  the 
serious  attention  of  geologists.  If  this  be  the  true  origin  of 
volcanic  water,  then  in  its  escape  we  would  have  another 
important  factor  of  contraction,  although  perhaps,  by  itself, 
also  inadequatcf 

In  a  word,  it  is  probable  that  in  the  present  condition  of 
science  we  do  not  know  all  the  causes  of  contraction.  But  the 
fcuU  of  contraction  is  one  thing  and  the  cause  of  contraction 
another  and  quite  a  diflferent  thing.  The  fact  of  contraction  is 
not  conditioned  on  our  knowledge  of  the  causes  of  contraction 
but  rests  wholly  upon  the  phenomena  of  slrvucture.  If  loss  of  heat 
be  inadequate,  then  we  must  seek  some  additional  cause.  If 
all  known  causes  be  inadequate,  then  we  must  frankly  acknow- 
ledge our  ignorance  and  seek  still  other  causes  yet  unknown. 

The  gi*eat  importance  of  separating  these  two  things  and 
keeping  them  distinct  in  the  mind,  may  be  illustrated  by  ex- 
amples. In  nearly  all  complex  subjects  there  are  two  stages  of 
theorizing  and  therefore  two  successive  theories.  The  one  dis- 
cusses and  determines  the  laws  of  phenomena  and  the  condi- 
tions under  which  they  occur — Formal  theory ;  the  other  dis- 
cusses the  physical  cause  of  these  laws — Physical  theory.  Slaty 
cleavage  is  undoubtedly  produced  by  mashing  in  a  direction  at 
right  angles  to  the  planes  of  cleavage  and  extension  in  the 
direction  of  those  planes.  This  is  completely  proved  both  by 
observation  and  experiment.  This  is  the  Formal  theory.  It 
groups  a  multitude  of  facts  and  consistently  explains  them  and 
18  therefore  properly  called  a  theory.  But  still  the  question 
remains :  how  does  crushing  produce  cleavage  ?  Sorby  thinks 
by  change  of  position  of  foreign  unequiaxed  particles  dissem- 
inated in  a  plastic  mass ;  Tyndall  thinks  by  tne  flattening  of 
constituent  granules  into  scales.  These  are  Physical  theories. 
Now  it  is  evident  that  the  former  theory,  the  formal,  is  inde- 
pendent of  the  latter,  the  physical,  and  in  fact  forms  its  basis  ; 
but  not  vice  versa.  So  again  it  is  certain  that  glaciers  conform 
to  the  laws  of  fluid  motion.  This  is  the  Formal  theory ;  it 
reduces  to  law,  and  consistently  explains  all  the  phenomena  of 
glacial  motion.     But  still  the  question  remains.      By  virtue  of 

•  Cambridge  PhiL  Trans.,  vol.  xii.  part  II ;  Feb.,  1875. 

f  Even  wMle  writing  this,  I  see  that  Tschermak  brings  forward  a  similar  theory 
of  vulcanism  and  connects  it  with  many  cosmic  phenomena,  such  as  solar  explo- 
Biona  of  gas,  new  stars,  explosion  of  meteors,  &c. — {Geol  Mag.^  vol.  iv,  569,  1877. 
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what  [WOpert^  do  they  tliua  move?  Forbes  answers,  by  B-^ 
property  oi  Ytaooaty  ;  'ryndall  angwers,  by  fracture,  chaoge  of  I 
position  Mid  r^elation.  Theae  are  Pbysicial  theories.  Observe 
af;aiD:  tbe  fOTinal  tbeory  ia  imlependent  of  the  physical  and 
formB  its  basia ;  but  not  vice  versa.  Now  in  both  these  cases 
it  will  be  observed  that  it  is  the  formal  theory  which  is  most 
imporUnt  to  tbe  eeologist.  That  slaty  cleavage  is  produced  by 
mashing  together  Dorizo II tally  and  upswelling  vertically,  or  tbat 
glaciem  move  in  the  manner  of  a  stream,  is  of  immense  impor- 
tance to  the  geologist:  but  the  molecular  cause  of  either  is  of 
great  interert  only  to  the  physicist.  When  slnty  cleavage  was 
proved  to  be  the  result  of  compression  horizoiitfllly  and  up- 
swelling  verticaily  the  geological  problem  was  solved  ;  and  the 
eubjeot  was  th«i  nanded  over  to  the  physicists  for  further  dia- 
oaeBtoD. 

Now  on  theqoeetiou  of  mountain  origin  we  find  tbe  same 
two  kinda  of  tbewries:  That  mountain  ranges  are  formed  by 
horizontal  pressure  crushing  rock  masses  together  in  that 
direction  and  apawelling  them  verticaily,  is  certain;  and  that 
this  horiBOntal  preesure  is  due  to  interior  contraction  of  tbe 
earth  is  almost  equally  certain.  This  is  tbe  formal  thtory. 
But  sMl  theqaestlon  remains:  What  are  the  physical  causes 
of  interior  oontraction  1  The  discuseion  of  this  is  the  physical 
thtory.  T^  fonoef  we  have  shown  is  nearly  perfect;  the  J 
latter  is  yet  very  imperfect.  The  geological  nroblem  is  well  1 
nigh  solved;  the  question  must  now  be  handed  over  to  the 
physicists  for  further  discussion.  But  we  must  insist  that  the 
physicist  shall  make  the  formal  theory  already  established  by 
the  geologist  the  basis  of  his  discussion.  But  observe  again  that 
it  is  the  formal  theory  which  is  of  the  greatest  and  most  imme- 
diate importance  to  the  geologist,  though  the  physical  theory 
may  be  the  most  so  to  the  physicist 

The  two  physical  objections  which  I  have  just  taken  up  and, 
I  hope  in  part  at  least,  answered,  are  brought  forward  by  Bev. 
O.  ilsher*  and  Captain  C.  E.  Dutton.+  They  are  by  lar  the 
most  serious.  But  there  are  other  minor  objections  advanced 
by  Captain  Dutton  which  I  must,  at  least  briefly,  notice. 

We  are  concerned  in  this  paper  only  with  the  origin  of 
mountains ;  but  in  my  paper  on  "  A  Theory  of  the  formation 
of  the  greater  features  of  the  Earth  surface,"  I  discussed  also 
the  origin  of  continents.  I  attributed  those  grca^asi  inequaliti^ 
constituting  continental  surfaces  and  ocean  bottoms  to  unequal 
radial  contraction  or  a  secular  deformation,  by  cooling,  of  a 
heterogeneous  earth.  The  same  idea  had  been  previously 
*  "On  the  loequalitiM  ot  the  Esrtb  Surface,"  ftc,  Cambridge  Phil.  Tnuis.,  vol. 
xii,  part  2d,  Dec.,  I81:t,  snd  Cambridge  PhiL  Trans.,  vol.  xii,  part  2d.  Feb.,  181B. 
I  "(Mtical  ObaervBtlonB  oq  Theories  of  the  Earth  PhTBical  Bvolutioa,"  thia 
Jouiml,  Tiii,  113,  1814;  Peon  Monthlj,  Maj,  laie. 
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brought  out  by  Professor  Dana  and  Archdeacon  Pratt;  and 
the  latter  had  at  one  time  e:xtended  the  idea  so  as  to  include 
also  mountain  chains,  although  he  afterward  admitted  lateral 
pressure  as  the  more  probable  cause  of  these  latter.  Now, 
according  to  the  view  that  continents  and  ocean  bottoms  are 
formed  by  unequal  radial  contraction  by  loss  o/heatj  of  course  the 
less  conductive  parts  would  become  continents  and  the  more  con- 
ductive parts  ocean  bottoms.  Now  Captain  Dutton  has  brought 
against  this  view  certain  geological  facts.  The  Himalayas,  he 
says,  were  ocean  bottom  until  late  in  the  Tertiary  (as  indeed 
they  were) ;  and  now  these  Tertiary  ocean-bottoms  are  15,000 
feet  above  sea  level.  Therefore,  certainly,  all  this  enormous 
rise  (and  probably  much  more,  viz :  the  elevation  of  the  whole 
height  of  the  Himalayas)  took  place  since  the  Middle  Tertiary. 
(This  is  also  certainly  trua)  T?hen,  says  he,  we  must  believe, 
according  to  the  radial  contraction  view,  that  until  the  Tertiary, 
this  radius  of  the  earth  was  very  conductive,  and  became  at  that 
time  suddenly  very  non-conductive// /  He  gives  the  Alps  as 
another  example  of  a  Tertiary  sea-bottom  wnich  has  since  been 
raised  10,000  feet,  and  which,  therefore,  according  to  him, 
must  have  suddenly  changed  its  conductivity.*  He  might 
have  multiplied  examples  by  adding  all  other  mountain  ranges; 
for  the  principle  involved  is  the  same  in  all. 

It  seems  almost  unnecessary  to  state  that  there  is  here  an 
entire  and  most  unaccountable  misapprehension  of  the  mean- 
ing of  all  who  have  written  on  this  subject.  The  formation  of 
the  Himalayas  and  the  Alps  come  under  the  head  of  mountain 
origin^  not  of  continent  formation.  Neither  Professor  Dana 
nor  myself  ever  for  a  moment  imagined  that  the  elevation  of 
the  Himalayas  and  the  Alps  was  due  to  unequal  radial  con- 
traction. Mountain  ranges  have  always  been  formed  compara- 
tively rapidly,  continents  very  slowly  and  progressively.  We 
know  the  time  of  birth  of  mountains ;  but  continents,  in  spite 
of  some  oscillations  difficult  to  account  for,  have  substantially 
continued  to  develop  in  size  and  height  throughout  the  whole 
geological  history  of  the  earth.  This  is  what  we  would  expect 
if  they  are  due  to  unequal  radial  contrnction.f 

Again,  Captain  Dutton  makes  still  another  objection  (loc. 
cit,  p.  877)  to  the  mechanics  of  the  contractional  theory,  the 
force  of  wnich  I  confess  I  do  not  understand.  He  seems  to 
think  there  is  a  principle  of  economy  of  force  in  nature  by 
virtue  of  which  we  must  infer  that  she  applies  force  in  that 

*  Penn  Monthly,  Maj,  1876,  p.  372. 

t  Archdeacon  Pratt,  it  is  true,  in  the  earlier  editions  of  his  "  Figure  of  the 
mh,"  attributed  the  formation  of  mountain  chains,  especially  the  Himalayas,  to 
oneqittl  radial  contraction,  but  in  his  fourth  edition  he  makes  lateral  compression 
the  cause  of  mountains.  This  is  evidently  the  origin  of  Captain  Button's 
niaeoDception. 
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direction  which  will  accomplish  the  required  result  with  the 
minimum  expenditure.  Now  he  says,  to  make  a  mountain  range 
by  horizontal  pressure  would  require  demonstrably,  a  maximum^ 
and  by  vertical  pressure  a  minimum,  expenditure  of  force,  in 
proportion  to  the  height  and  mass  lifted.  Therefore  he  thinks 
mountains  must  be  formed  by  vertically  acting  forces,  upward 
for  anticlines  and  downward  for  synclines.  The  streets  of  San 
Francisco  are  many  of  them  paved  with  wooden  blocks,  which 
swell  by  wetting  and  are  pusued  up  into  ridges,  as  everybody 
supposes,  by  horizontal  pressure.  JBut  according  to  Captain 
Dutton  these  ridges  are  not  formed  by  horizontal  pressure, 
because  this  mode  necessitates  a  maximum  expenditure  of 
force  in  proportion  to  the  visible  work  done. 

But  again  Captain  Dutton  thinks  that  the  crust  of  the  earth, 
under  horizontal  pressure,  would  not  and  could  not  yield 
gradually  and  quietly  so  as  to  retain  its  continuity,  but  would 
shiver  into  fragments — it  would  not  mash^  but  smash  and  "^o 
topV\ 

I  will  not  inquire  how  far  this  is  good  phvsics ;  because 
until  geological  physics  is  far  more  perfect  than  now,  i.  a, 
until  we  understand  far  better  than  we  now  do,  \\\q  precise  oondi- 
tiona  under  which  physical  forces  acted  in  producing  geological 
results,  geological  problems  must  often  continue  to  be  ques- 
tions of  history  rather  than  questions  of  physics — questions  of 
what  did  happen^  rather  than  questions  of  what,  according  to 
physical  laws,  ought  to  have  happened.  Now  we  have  abundant 
evidence,  of  the  most  indubitable  kind,  of  quiet  yielding  of 
the  earth's  crust  to  horizontal  pressure.  It  is  absolutely  cer- 
tain, for  example,  that  slaty  cleavage  is  produced  by  horizontal 
mashing;  and  that  the  mashing  is  so  great  that  originally 
equal  diameters  are  changed  into  diameters  having  a  ratio  of 
1:5,  I  :  10,  or  even  1 :  14  ;  yet  there  is  no  smashing  or  ^^  going  to 
piy''  but  only  quiet  yielding,  like  dough  or  plastic  clay.  Again, 
in  mountain  ranges  consisting  wholly  of  crumpled  stratii  with 
many  folds  closely  appressed,  without  even  a  granite  axis, 
like  the  Appalachian  or  the  Coast  Range  of  California,  it  is  simply 
inconceivable  that  the  crumpling  force  should  have  acted  in 
any  other  direction  than  horizontally ;  yet  the  strata,  though 
sometimes  broken  and  slipped,  are  in  large  measure  continu- 
ous; there  is  no  shivering  into  rubble,  like  *' pack  ice  driven 
against  a  shore."  As  to  the  condition  of  the  strata  at  the  time 
when  these  results  were  accomplished,  i.  e.,  whether  or  not  they 
were  more  plastic  then  than  now,  is  another  question,  and  one  with 
which  we  are  not  now  as  structural  geologists  concerned.  But 
this  is  precisely  the  question  which  Capt  Dutton  as  physicist 
should  have  discussed.  Here  are  strata  in  positions  such  that  it 
is  inconceivable  they  could  have  been  assumed  except  by  hori- 
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zontal  pressure;  but  their  hardness  and  brittleness  is  such  that 
horizontal  pressure  would  have  smashed  them  into  rubble ;  there- 
fore Capt  Dutton  concludes  the  force  was  not  horizontal.  But 
would  it  not  have  been  better  to  conclude  :  therefore  the  strata 
were  not  then  so  hard  and  brittle  as  now? 

Again,  and  finally :  Captain  Dutton  objects,  that  contractional 
theorists  give  no  reason  '*  why  lines  of  thick  strata  should  be  lines 
of  weakness^^^  and  thus  by  yielding  produce  mountain  ranges, 
*•  nor  why  the  epoch  of  disturbance  {mountain  formation)  should 
coincide  with  or  immediately  follow  the  epoch  of  depotnt"  This 
sentence  raises  the  doubt  whether  Captain  Dutton  liaa  read 
what  has  been  written  on  this  subject  by  Hunt,  Dana  and 
myself,  or  whether  having  read  he  has  not  forgotten  them.  For 
not  only  is  the  reason  insisted  on  both  by  Hunt  and  myself, 
but  there  has  been  some  discussion  as  to  priority  in  regard  to 
this  important  idea.  The  idea  is  undoubtedly  due  to  Hunt, 
but  I  have,  I  believe,  made  more  use  of  it  and  shown  its  fun- 
damental importance  in  mountain  making.  It  is,  in  fact,  the 
corner  stone  of  my  theory,  which  is  briefly  this:  The  place  of 
a  mountain  range  before  it  was  formed  was  a  marginal  sea- 
bottom  receiving  abundant  sediment  from  continental  erosion. 
A  line  of  off-shore  sediments  many  thousand  feet  thick,  thus 
formed  would  cause  a  rise  of  the  subjacent  isogeotherms,  and 
aqueo-igneous  softening  both  of  the  sediments  and  of  the 
original  crust  on  which  the  sediments  were  laid  down.  This 
would  determine  a  line  of  weakness  and  therefore  of  yielding 
to  horizontal  pressure;  and  therefore  the  formation  of  a  moun- 
tain range,  which  would  immediately  commence  to  be  sculf)- 
tured  by  erosive  agents. 

Thus  there  are  three  stages  in  the  history  of  a  mountain 
range.  First,  a  stage  of  preparation  by  sedimentation  ;  this  is 
the  embryonic  stage.  Second,  a  statje  of  yielding  to  horizontal 
pressure;  this  is  the  period  of  mountain  birth  and  mountain 
growth.  Third,  a  stage  of  erosive  degradation ;  this  is  the 
period  of  mountain  decay.  This  last  passes  gradually  into  a 
fourth  stage  of  mountain  death  and  fossilization. 

We  have  now  examined  all  the  objections  which  have  been 
so  confidently  brought  ngainst  the  contractional  theory.  Of 
these  objections  we  find  only  two  which  are  at  all  serious;  and 
these  aflfect  not  the  substance  but  only  the  form  of  that  theory — 
not  the  geological  foundation,  but  only  some  of  the  physical 
abutments.  These  two  objections,  however,  are  well  worthy 
of  serious  attention  as  important  additions  to  dynamical  geol- 
ogy which  ought  to,  and  doubtless  will,  be  used  to  modify 
the  contractional  theory  as  it  now  exists. 

Of  Captain  Dutton's  own  theory,  which  he  proposes  to  sub- 
stitute in  place  of  the  supposed  dead  contractional  theory,  I 
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will  say  nothing :  partly  because  to  do  so  would  transgress  the 
limits  which  I  proposed  to  myself  at  the  outset,  and  partly 
because  after  reading  and  re-reading  several  times  I  Hnd  it 
impossible  to  hold  any  clear  image  of  the  new  theory  in  my 
mind,  and  I  fear  therefore  that  I  might  do  the  author  injustice. 

Berkeley,  California,  April  1,  18*78. 


Art.  XI. —  On  the  occurrence  of  a   Solid   Hydntcarbon   in  the 
Eruptive  Rocks  of  New  Jersey ;  by  I.  C.  BUSSELL. 

(Bead  before  the  New  York  Academy  of  Sciences,  April  29,  18*78.) 

In  an  article  by  T.  Sterry  Hunt,  published  in  this  Journal  in 
1863,*  mention  is  made  of  an  interesting  locality  at  Cape 
Gasps  where  a  trap  dike  intersects  the  sedimentary  rocks.  The 
cavities  in  the  trap  are  frequently  lined  with  chalcedony,  or 
with  crystals  of  calcite  or  quartz,  and  filled  with  petroleum 
which  in  some  cases  has  assumed  the  hardness  of  pitch. 
Eecently  our  attention  was  called  to  a  newspaper  account  of 
the  occurrence  of  mineral  oil  in  the  lava  of  Mt  Etna.  The 
numerous  round  or  irregular  cavities  contained  in  the  lava  are 
described  as  being  coated  with  aragonite  and  filled  with  min- 
eral oil.  An  analogous  instance  in  our  own  country  has  been 
familiar  to  me  for  some  time,  which,  taken  in  connection  with 
the  occurrences  mentioned  above,  seems  to  be  of  suflScient 
interest  to  be  worth  recording. 

Associated  with  the  sheet  of  trap  rock  known  as  the  First 
Newark  Mountain,  which  traverses  the  central  portion  of  the 
Triassio  formation  of  New  Jersey,  there  occurs  near  Plainfield, 
at  an  abandoned  copper  mine  on  the  western  slope  of  the 
mountiiin — the  upper  surface  of  the  trap  sheet — an  amygdaloid 
trap  passing  into  a  metamorphosed  shale.  In  this  region  it  is 
frequently  imf)ossible  to  distinguish  in  small  exposures,  the 
genuine  trap  from  the  metamorphosed  shales  that  rest  in  con- 
tact with  itf  Many  of  the  cavities  in  the  amygdaloidal  rock 
are  filled  with  a  brilliant  jet  black  carbonaceous  mineral 
resemblint^  very  closelv  the  albertite  of  New  Brunswick.i 
These  cavities  are  frequently  tubular  in  shape,  having  a  length 
of  three  or  four  inches  and  usually  a  diameter  of  about  a 
quarter  of  an  inch.  Sometimes  these  tubes  were  lined  through- 
out by  infiltration,  with  a  coating  of  quartz  or  calcite  a  line  or 

*A'ol.  XXXV,  p   166,  1863. 

\  See  article  by  the  writer  "  On  the  Intrusive  Nature  of  the  Triassio  Trap 
Sheets  of  New  Jersey,"  in  tliis  Journal  xv,  277,  1878. 

X  The  occurrence  of  *'  bitumen "  in  iimyg.ialoid  trap  is  briefly  mentioned  hy 
E.  S.  hana  in  an  article  on  the  Trap  Rocks  of  the  Connecticut  Valley.  Am.  Assoc. 
Sci.,  187t,  H  47  [also,  with  an  explanation  of  its  origin,  by  \'t.  \V.  ilawes,  iu  this 
Journal,  ix,  456,  lJ*75.] 
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two  in  thickness,  before  the  carbonaceous  material  was  intro- 
duced. Above  the  amygdaloid  is  found  a  metamorphosed  shale 
which  still  retains  its  bedded  structure,  and  in  places  presents 
something  of  the  usual  reddish  color  of  the  unaltered  shales. 
This  altered  rock  is  traversed  in  various  directions  by  seams 
and  fissures,  which  are  frequently  filled  with  the  same  alber- 
tite-like  mineral  Resting  upon  these  metamorphosed  beds 
occur  slates,  shales  and  sandstones,  which  contain  fossil  fishes 
and  a  considerable  abundance  of  obscure  vegetable  remain». 
It  seems  evident  that  these  organic  bodies  furnished  by  their 
decomposition  the  carbonaceous  material  in  the  associated 
rocks.  The  heat  derived  from  the  slowly  cooling  injected 
rocks  may  have  played  an  important  part  in  this  process. 

The  mineral  whose  geological  occurrence  we  have  thus 
described,  gives,  when  subjected  to  chemical  tests,  almost  pre- 
cisely the  same  reactions  as  albertite.  It  is  insoluble  in  heated 
acids  and  alkalies,  and  is  but  sparingly  if  at  all  soluble  in 
alcohol,  ether,  or  oil  of  turpentine.  Like  albertite,  also,  it  is 
infusible,  but  softens  by  heat  and  bums  with  a  yellow  flame, 
emitting  an  agreeable  odor.  It  gives  when  incinerated  less 
than  0*10  per  cent  of  ash. 

The  occurrence  of  petroleum  in  the  cavities  of  the  igneous 
rocks  of  GasjD^  and  Sicily,  and  of  a  solid  hvdrocarbon  in  the 
trap  rocks  of  New  Jersey  would  seem  to  be  but  different  stages 
in  the  same  process.  If  the  cavities  in  a  rock  were  filled  with 
petroleum  by  infiltration,  and  evaporation  slowly  removed  the 
more  volatile  portions,  and  oxidation  took  place  to  some  extent, 
the  result  would  be  the  formation  of  a  deposit  of  solid  hydro- 
carbon in  the  cavities.  A  similar  process  sometimes  occurs 
with  bottled  samples  of  petroleum,  by  which  the  interior  of 
the  bottle  is  left  coated  with  a  solid  carbonaceous  layer.  In 
the  rocks,  if  a  fresh  supply  of  oil  was  furnished  from  time  to 
time  by  infiltration,  the  cavities  would  eventually  become  com- 
pletely filled  with  the  solid  carbonaceous  residue.  A  vesicular 
lava  might  in  this  manner  be  changed  to  an  amygdaloid,  the 
cavities  of  which  would  be  filled  with  solid  hydrocarbons  in- 
stead of  quartz,  zeolites,  etc. 

Such,  it  appears  to  us,  must  have  been  the  history  of  the 
Triassic  amygdaloid  we  have  described,  the  cavities  of  which 
must  at  one  time  have  been  filled  with  mineral  oil.  This  is 
bat  an  epitome  of  what  took  place  on  a  grand  scale  at  the  great 
fissure  over  1,400  feet  deep,  in  New  Brunswick,  which  was 
filled  with  albertite,  and  in  the  case  of  the  Grahamite  in  West 
Vir^nia,  which  also  occupies  an  immense  fissure. 

Smce  writing  the  above,  our  attention  has  been  called, 
through  the  kindness  of  Prol  J.  D.  Dana,  to  the  fact  that  Per- 
cival  m  his  report  on  the  geology  of  Connecticut,  published  in 
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1842,  records  the  occurrence  of  *' bitumen  "  in  connection  with 
the  trap  rock  of  Connecticut  Those  who  are  fortunate  enough 
to  possess  a  copy  of  this  report  will  find  that  Percival  with  his 
usual  accuracy  of  observation,  mentions  several  times  the  occur- 
rence of  this  substance  while  describing  the  Triassic  formation 
of  the  Connecticut  Valley.  Mr.  Percival  speaks  particularly  of 
**  indurated  bitumen  "  as  occurring  in  the  cavities  of  amygdaloid 
trap,  and  in  small  veins  in  the  indurated  shale  adjoining.  Asso- 
ciated with  these  rocks  occur,  also,  bituminous  limestones  and 
shales  containing  fossil  fishes.  Similar  bituminous  rocks  he 
describes  as  occurring  in  the  small  isolated  Triassic  area  of 
Southbury  and  Woodbury  in  Western  Connecticut.  In  refer- 
ence to  the  reported  discovery  of  coal  in  Connecticut  the  state- 
ment is  made*  that  *'Thi8  substance,  however,  is  a  more  or  less 
indurated  bitumen,  similar  to  that  occasionally  occupying  the 
pores  of  amygdaloid,  or  accompanying  metallic  veins  in  the  trap 
and  the  adjoining  indurated  sandstones,  and  is  perhaps  derived 
from  the  same  volcanic  source  as  the  trap  it  accompanies." 

It  will  be  noticed  from  the  above  that  the  bitumen  described 
by  Percival  has  the  same  geological  associations  as  the  mineral 
occurring  at  Plainfield,  N.  J.  A  specimen  of  this  mineral  from 
Connecticut  which  we  have  just  received  from  Dr.  H.  0.  Bolton 
of  Trinity  College,  and  obtained  by  him  from  seams  in  trap 
rock  near  the  new  college  buildings  at  Hartford,  seems  identi- 
cal in  its  physical  and  chemical  properties  with  the  solid  hydro- 
carbon we  have  described  from  New  Jersey.  The  rocks  with 
which  this  mineral  is  associated  in  Connecticut  correspond  in 
lithological  characters  and  geological  position  with  the  eruptive 
rock  of  New  Jersey,  and  are  a  portion  of  the  great  system  of 
trap  ridges  which  traverse  the  Triassic  formation  in  Connecticut 
ana  Massachusetts. 


Art.  XII. —  On  a  new  and  remarkable  mineral  locality  in  Fairfield 
County^  Connecticut;  with  a  description  of  several  new  species 
occurring  there ;  by  Geo.  J.  BRUSH  and  Edward  S.  Dana. 
First  Paper. 

[Continued  from  page  4«^.] 
3.    DiCKINSONITE. 

Physical  characters, — Dickinsonite  occurs  most  commonly  in 
crystalline  masses,  which  have  a  distinctly  foliated,  almost  mica- 
ceous, structure.  It  is  also  lamellar- radiated  and  sometimes 
stellated,  the  laminae  being  usually  more  or  less  curved.  This 
massive  variety  forms  the  gangue  in  which  crystals  of  eosphorite 
are  often   imbedded,  and  also  sometimes  triploidite.     It  more- 

*  Percival's  Geol   Rep.  of  Conn.,  p.  452. 
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over  occurs  in  minute  scales  distributed  through  the  massive 
eosphorite  and  giving  it  a  green  color,  and  is  sometimes  imbed- 
dea  in  the  rhodochrosite.  Minute  tabular  crystals  are  rare ;  they 
are  observed  implanted  upon  the  gangue,  and  also  scattered 
through  the  reddingite.  In  general  aspect  the  mineral  resembles 
some  varieties  of  chlorite  though  very  unlike  in  its  brittleness. 

It  has  perfect  basal  cleavage.  The  hardness  is  3*5-4,  and 
the  specific  gravity  8'888-8'348.  Luster  vitreous,  on  the  cleav- 
age race  somewhat  pearly.  The  color  of  the  purest  crystal  is 
oil-  to  olive-green,  in  the  massive  varieties  generally  grass-green 
though  sometimes  quite  dark ;  the  streak  is  nearly  white. 
Transparent  to  translucent,  the  crystals  being  perfectly  clear. 
The  laminsB  are  very  brittle  ;  fracture  uneven. 

OrystaUine  form. — ^Distinct  crystals  of  dickinsonite  are  not 
often  found,  and  owing  to  the  extremely  brittle  character  of 
the  mineral,  it  is  only  in  very  rare  cases 
that  they  can  be  obtained  showing  more  *>. 

than  the  basal  plane.    The  crystallo-  yfi^.. ."tv 

graphic  data  which  are  given  here  were        yH^-'"^ — Sv 

all  obtained  from  two  crystals,  which,     ^■"''^        ^  ^u 

though  extremely  small  and  yielding     v(  ^^ 

only  approximate  angles,  yet  served  to       u ^y^^^ 

decide  all  the  essential  pointa     Other         v     a      ^-i^^ 

less  perfect  crystals  gave  confirmatory 

results. 

Dickinsonite  crystallizes  in  the  MoNOCLiNic  System.  The 
axial  ratio  and  obliquity  were  obtained  from  the  following 
angles : — 

Plane  angle  of  the  ba8e=:l20°  0' 

c^o,   001^100,    =   erao' 

c^x,    001/^301,     =     42' 30' 

The  axial  ratio  is : — 

c  (vert)  6  <i 

0-6917  0-6773  10000  /S=61°  30' 

For  the  unit  prism  (not  observed), 

7a/    =     66' 36',  and  113°  24' 

The  observed  planes  are  as  follows : — 

c,     0,     001.  p,      1,     111. 

a,    t-t,     100.  »,       2,     221. 

6,    i^     010.  CE,-3-«,     301. 

The  adjoining  figure  shows  all  of  these  planes  except  the 
clinopinac^)id,  which  was  only  once  observed. 

The  following  are  the  most  important  angles,  measured  and 
calculated : 
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It  will  be  seen  from  the  above  table  that  the  angle  between 
the  base  and  one  of  the  two  pyramida  (c^p  =  61°  8')  differs  but 
little  from  the  angle  between  the  base  and  the  orthopinacoid 
(c/«a=(Jl°30');  there  are  thus  three  planes  which  have  nearly 
equal  inclinations  to  the  base.  This  fact,  which  ia  analogous  to 
that  true  of  the  Veauvian  biotite  (meroxen)  as  pointed  out  by 
Tschermak.*  eivea  to  the  crystals  a  marked  rhormohtdrai  aspect 
especially  aa  toe  planes  x  (SOI)  and  s  (aai)  have  usually  a  minor 
development.  As  exact  meaauremente  were  not  possible  the 
true  relations  could  hardly  be  established  beyond  doubt  until 
recourse  was  had  to  an  optical  examination.  This  showed  that 
the  cleavage  planes  are  not  isolrope  as  they  must  be  if  rliom- 
bohedral;  on  the  contrary  one  plane  of  vibration  is  exactly 
parallel  to  the  edge  c/a,  and  the  other  normal  to  it, 

The  rhombohedral  pseudo-symDnetry  ia  also  shown  in  the 
fact  that  the  plane  angle  of  the  base  differs  very  little  if  at  all 
from  120^  The  most  careful  measurements  practicable  failed 
to  establish  any  variation.  That  the  angle  really  is  120° 
seems,  moreover,  to  be  indicated  by  the  fact  that  on  many 
cleavage  laminte  triangular  markings  are  visible,  which  are 
apparently  equilateral  the  angles  measuring  60°  ;  other  analo- 
gous markings  have  four  or  five  sides  but  always  with  angles 
of  80°  or  120°  as  near  as  the  measurements  can  be  made. 

The  above  ^ts  show  that  crystallographically  dickiosonite 
is  related  to  the  micas  and  chloritea,  although  most  unlike 
chemically. 

The  plates  of  dickiosonite  are  sometimes  striated  parallel  to 
the  edges  c/i),  c/^',  and  also  c/ a,  corresponding  to  the  tri- 
angular markings  mentioned  and  still  more  increasing  the 
rhombohedral  aspect  of  the  crystals.  No  twins  have  been 
observed,  although  some  very  imperfect  crystals  early  sug- 
gested their  possible  occurrence. 

The  cleavage  plates  show  a  marked  dichroism,  parallel  to 

the  edge  cya,  the  rays  being  grass-green  and  much  absorbed 

*  Grotb,  Zeltwdirltt  ttr  Eiystallogi'^diie,  ii,  p.  19,  1877. 
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and  normal  to  this  yellow-green.  No  examination  of  a  section 
perpendicular  to  the  cleavage  was  possible,  so  that  the  position 
of  the  axes  of  elasticity  in  the  plane  of  symmetry  coula  not  be 
determined. 

Chemical  composition, — The  following  analysis  was  made  by 
Mr.  S.  L.  Penfield.  The  method  of  analysis  was  essentially 
the  same  as  that  already  described.  The  purest  material 
available  was  selected,  but  it  was  found  impossible  to  separate 
it  entirely  from  a  little  admixed  quartz  and  eosphorite.  The 
small  amount  of  alumina  present  is  assumed  to  belong  to  the 
eosphorite,  and  the  calculations  made  accordingly.  In  the 
table  below,  column  (1)  gives  the  original  analysis ;  (2)  gives 
the  amount  of  each  constituent  of  the  impurities  to  be  deducted ; 
(8)  gives  the  remainder  after  this  deduction  has  been  made, 
and  (4)  the  final  composition  after  being  averaged  up  to  the 
original  amount 

Soaphorlte 

P,0«  37-49  213            36-38  39*38 

1^0,  1-66  1-66 

FeO  11-64  '60            1114  12-40 

MnO  24-18  1-63            22*66  2610 

OteO  12-00  1200  13-36 

Li,0  -03  03  03 

K,0  0-80  0-80  -89 

Na,0  4-71  4-71  6-26 

H,0  4-66  1*08              3-47  386 

QoBTtM  3*30  3-30 


100-26  1019  9006        100*26 

The  ratio  calculated  from  analysis  (4)  is  as  follows : — 

P.Os     =     -277        -277        1-  4* 

FeO       =      172 


'868        3-09      12' 


MnO  =  363 

OaO  =  -238 

Li.O  =  001 

K,0  =  -009 

Na,0  =  -086 

H,0  =  -216'      -216        6*77        3* 

The  ratio  P,0,  :RO:H,0  =  4:12:3  corresponds  to  the 
formula  R,P,0,  +  fH.O.  If  R  =  Mn  :  Fe :  Ca :  Na  =  5 :  2i  : 
8  :  li ;  this  formula  requires : — 


P.O. 

= 

40*06 

FeO 

^ 

12-69 

MnO 

s= 

26-04 

GaO 

**~ 

11*86 

Na.O 

^z 

6*66 

H,0 

= 

3*81 

100*00 


This  corresponds  as  closely  as  could  be  expected  with  the 
analysis  (4)  given  abova 

Am.  Joub.  Box.— Texbd  Ssanw,  Vol.  XVI,  No.  OSi—AuouBT,  187& 
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Another  analysis  by  Mr.  Penfield  on  a  eeparnte  sample  of 
dickiasonite  ia  given  below,  the  lime  having  been  lost  is 
determined  by  difference.  The  results  are  arranged  «s  before : 
(1)  is  the  original  analysis;  (2)  the  amount  of  quartz  and  eospho- 
rite  present:  (S)  the  result  after  deducting  these,  and  (4)  the 
final  result  calculated  again  to  100, 


MdO 

UiO 

K.O 
Na,0 
Q,0 
Qu«rtE 


I 


PyrognosUce. — In  the  flosed  tube  gives  water,  the  first  por- 
tions of  which  react  neutral  to  test  paper,  but  the  last  portions 
are  faintly  acid.  The  residue  is  magnetic  Fuses  in  the  naked 
lamp  Same  and  B.B.  in  the  forceps  colors  the  flame  at  first 
pale  green  then  greenish  yellow.  Dissolves  in  the  fluxes  and 
affords  reactions  for  iron  and  manganese.     Soluble  in  acids. 

There  is  no  known  phosphate,  so  far  as  we  are  aware,  which 
bears  any  relation  to  dickinsonite  in  crystal lographic  character, 
and  in  chemical  composition  it  seems  also  to  be  without  any 
very  near  relatives. 

We  have  named  this  most  interesting  mineral  dickinsontU  in 
honor  of  the  Bev.  John  DickiDson  of  Bedding,  Conn.,  our 
obligations  to  'whom  we  have  already  acknowledged. 

4.  LiTBtopanjTE. 

The  occurrence  of  this  mineral  in  the  deepest  explorations 
made  has  already  been  mentioned.  It  is  found  imbedded  in 
albite  in  insular  rounded  masses  one  to  three  inches  in  diam- 
eter and  coated  with  a  black  mineral,  the  result  of  its  own  oxi- 
dation :  some  of  these  masses  have  only  a  small  core  of  unaltered 
mineral. 

Physical  characia-a. — No  crystals  of  lithiophilite  were  found, 
although  some  of  the  imbedded  masses  have  in  external  form  a 
somewhat  crystalline  aspect  There  are  three  distinct  cleav- 
ages: one  quite  perfect,  always  observable  whenever  the  mineral 
is  broken  ;  a  second  nearly  perfect  at  right  angles  to  the  first ; 
and  a  third  internipted,  waich  ia  prismatic,  having  an  angle  of 
128°-1S0°,  and  inchned  at  right  angles  to  the  first  nam«i  cleav- 
age, and  115°-11S°  to  the  second.   The  aimilarity  in  composition 
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between  this  species  and  triphjiite  makes  it  possible  to  identify 
these  three  cleavages  with  those  shown  by  Tschermak  to  belong 
to  the  latter  mineral :  the  most  perfect  cleavage  is  basal,  the 
second  nearly  perfect  is  brachydiagonal,  and  the  third  inter- 
rapted  cleavage  is  prismatic  (/a/=183*'  triphylite,  Tschermak). 

The  hardness  is  about  4*5  ;  and  the  specific  gravity,  in  two 
trials,  8*424,  and  8'482.  The  color  of  the  unaltered  mineral  is 
generally  bright  salmon-color,  occasionally  honey-yellow, — 
varying  to  yellowish-brown  and  on  rare  instances  to  umber- 
brown  ;  this  darker  color  is  probably  due  to  incipient  altera- 
tion. It  has  a  vitreous  to  resinous  luster,  and  is  generally 
translucent,  though  small  cleavage  fragments  are  occasionally 
perfectly  transparent     Fracture  uneven  to  subconchoidal. 

Optical  properties. — The  optic  axes  in  lithiophilite  lie  in  the 
basal  section  or  plane  of  most  perfect  cleavage,  the  acute 
bisectrix  being  normal  to  the  brachypinacoid.  The  axial  angle 
is  very  large  the  axes  being  partially  visible  in  the  extreme 
border  of  the  field  in  the  polanscope.  The  angle  could  not  be 
measured  satisfactorily  except  in  ou  (71=1*47) ;  the  result  of  the 
measured  was  as  follows : 

2Ho='74**  46'  for  rod  rays. 
2Ho=79°  30'  for  blue  rays. 

The  dispersion  of  the  axes  is  strong,  v'>p.  The  character 
of  the  double  refraction  is  positive.  The  three  axial  colors 
are  quite  distinct,  as  follows : 

For  vibrations  parallel  to  a    (that  is)  d    deep  pink. 
"  "  "  b    (that  is)  c    pale  greenish-yellow. 

"  "  '<  c    (that  is)  6    faint  pink. 

Chemical  composition. — The  following  analyses  are  by  Mr. 
Horace  L.  Wells.  The  method  was  the  same  as  that  employed 
by  Mr.  Penfield  in  the  analysis  of  triphylite  (see  beyond). 

I.  11.  Mean.  QoAntivalente.            Ratio. 

P,0.  44*83  44-61  44-67  '314     -314  1-  1- 

MnO  40-80  40-91  40-86  •6'^6  Lftoo  o.m  o. 

FtoO  3-99  404  402  -056  J  ^^^  ^  ui  z 

Li.O  8-'?2  8-65  8-63  288  i  .^g^  ^.g,  ., 

Na.O  13  16  -14  m2S    ^  ^^^  ^ 

H,0  -77  -87  -82 

SiO,  -63  -66  '64 

99*87  99-70  99*78 

II         I 

The  ratio  P,0,  :  R0:R,0=1  :  2  :  1  proves  lithiophilite  to 
be  a  normal  phosphate  analogous  in  conaposition  to  triphylite. 
Its  formula  is  LiMnPO^  or  LiPO^-f  Mn,P,0,.  This  formula 
requires : — 

P.Ob  45-22 
MnO  45*22 
Li.O  9*56 

100*00 
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The  mineral  lithiophilite  is  consequently  a  manganese  mem- 
ber of  the  triphylite  group.  Mr.  PenSeld  has  previously 
shown  that  the  true  formula  of  triphylite,  hitherto  doubtful,  is 

in  in 

R,PO^+R,P,0,  *  where  R=Li,  and  R=Fe  mostly,  also  Mn. 
His  conclusions  are  confirmed  by  the  results  of  Mr.  Wells' 
analysis  of  lithiophilite. 

Rammelsberg  found  (as  a  mean  of  four  analyses)  in  the 
Bodenmais  mineral  89*97  p.  c.  FeO,  and  9*80  p.  c.  MnO.  Mr. 
Penfield,  in  his  analysis  of  the  Grafton,  New  Hampshire, 
obtained  26-09  p.  c.  of  FeO  and  1817  p.  c.  MnO.  The  altered 
triphylite  from  Norwich,  Mass.,  also  contains  a  considerable 
amount  of  manganese,  but  as  manganese  sesquioxide  (22*59— 
24*70  p.  c.) ;  the  unaltered  mineral  has  never  been  analyzed. 
These  facts  go  to  show  that  between  the  true  triphylite, — the 
tron-lithium  phosphate — ,and  the  lithiophilite, — the  manganese- 
lithium  phosphate — a  number  of  difTerent  compounds  exist, 
containing  varying  amounts  of  iron  and  manganese,  as  is  true 
in  many  other  analogous  cases  of  isomorphous  groups  of  com- 
pounds. It  is  probable,  however,  that  to  all  varieties  of  the 
two  minerals  belongs  the  general  formula : — 

I  n 

RaPO^+RaPjOg. 

Pyrognostics, — In  the  closed  tube  gives  traces  of  moisture, 
turns  dark-brown  and  fuses  but  does  not  become  magnetic. 
Fuses  in  the  naked  lamp-flame  and  B.B.,  gives  an  intense 
lithia-red  flame  streaked  with  pale  green  on  the  lower  edge. 
Dissolves  in  the  fluxes  giving  in  O.F.  a  deep  amethystine  bead, 
and  in  R.F.  a  faint  reaction  for  iron.     Soluble  in  acids. 

The  name  lithiophilite,  from  lithium  and  <pd6^^  friend,  may 
properly  be  given  to  this  species  as  it  contains  a  very  high  per- 
centage of  lithia. 

5.  Reddingitk. 

Physical  characters, — Reddingite  occurs  sparingly  in  minute 
octahedral  crystals,  belonging  to  the  orthorhomhic  system.  It  is 
also  found  more  generally  massive  with  granular  structure  ;  it 
is  associated  with  dickinsonite,  and  sometimes  with  triploidite. 
As  compared  with  the  other  species  whicli  have  been  described 
it  is  a  decidedly  rare  mineral.  The  massive  mineral  shows  a 
distinct  cleavage  in  one  plane,  the  crystallogra[)hic  direction  of 
which  could  not  be  ascertained  in  the  crystals  owing  to  their 
small  size. 

The  hardness  is  3-3*5  ;  and  the  specific  gravity  for  the  min- 
eral analyzed,  containing  12  p.  e.  quartz  is  3*04 ;  this  gives  on 
calculation  for  the  pure  mineral  3*102.  The  luster  is  vitreous 
to  sub-resinous ;  the  color  of  the  perfectly  unaltered  mineral 

*  This  Journal,  HI,  liii,  June,  1877. 
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pale  roae-piok  to  jellowiBh-white,  sometimes  with  a  tinge  of 
Drown ;  crystals  are  occasionally  coated  dark  reddish-brown 
from  surface  alteration  ;  the  streak  is  white.  Transparent  to 
translucent;  fracture  uneveo  ;  brittle. 

Cryalalline  form. — The  crystals  of  reddiugite  are  rare  and 
6.  occur  only  in  cavities  in  the  massive  min- 

eral. They  have  uniformly  an  octahedral 
habit ;  sometimes  only  the  unit  pyramid  is 
present  and  in  other  cases  a  second  macro- 
diagonal  pyramid,  with  the  brachypinaooid 
as  shown  m  the  accompanying  figure  The 
crystals  belong  to  the  Orthobhohbic  St8- 
TEU.  The  fundamental  angles  are  as  fol- 
lows : — 

j>Ai>",      IHaUI     =       78°  50' 
y-y"',     III  A  111     =     110°  *3' 

These  angles  are  only  tolerably  exact,  the  probable  error 
being  as  high  as  ±  5'.  The  aztal  ratio  calculated  from  the 
above  angles  is : — 

« (T«rt.)  i  a 

10830  1-ieu  i-oooo 

The  angles  of  the  fundamental  prism  (not  observed),  are 
/a/sSS"  6'  and  81°  54'.     The  observed  planes  are:— 


The  important  angles  are  as  follows,  calculated  from  the 
axial  ratio : — 

p^f,  iii-.iii, 

P..JI",  in-ui, 

p-f",  111*111, 

q^^,       JlJ*ai3, 
I A  J",     31S..H3, 

a-/",  aia.aij, 

b..p,       010.^111, 
b^q,        010^313. 

Of  the  above  angles  the  only  ones  that  admitted  of  exact 
measurement  were  the  three  pyramidal  angles,  of  which  two 
have  been  taken  as  the  basis  of  calculation  and  the  third  gave 
lll/^lll  =  65°  22,  required  85"  16'. 

Beddingite  is  closely  isomorphous  with  scorodite  and  stren- 
gite;  the  corresponding  pyramidal  angles  for  the  three  species 
are  as  follows : — 


66' 

W 

76' 

SO* 

110- 

43' 

36" 

80' 

W 

17' 

99* 

60' 

87* 

33' 

73- 

15' 

Ill  ,111     =       16'  60'  7T    8'  7«°  Vi' 

lll-ni      =        6B'  16'  66^20'  64"  !»' 

Ill-Ill     =     !10°43'  HI"    6'  lirso' 

The  axifll  ratios  of  the  three  species  are  aa  loltow  ; — 

e  (Ten.)  b  i 

Beddisgile  1-09S0  IIOIl  1' 

floowdite  (TOin  Bath)     11030  1-1630  I- 

StraoKite  (Niea)  1-1134  riBSfi  1- 

The  reladona  of  the  three  species  in  chemical  composilioa 
are  spokeo  of  iu  a  later  paragraph. 

Chemical  composition. — The  beat  available  material  was  used 
in  the  analyBea  by  Mr.  Horace  L.  Wells ;  it  was  free  from 
every  impurity  with  the  exception  of  the  quartz,  which  was  so 
intimately  intermixed  that  separation  was  impossible.  The 
presCQco  of  the  quartz,  however,  did  not  interfere  in  the  least 
with  the  accuracy  of  the  composition  finally  deduced.  The 
water  was  determined  directly. 

Two  analyses  gave  :  ^_ 


QuMte 

13-09 

P,0, 

SOU 

UnO 

4086 

FeO 

4'BS 

Sa,0  (trao 

U,0)        -33 

CaO 

O'TO 

H.O 

11-70 

100'7I  1001 1  100-41 

Excluding  quartz,  the  mean  of  the  two  above  aoalyses  gives: 


HnO  4S-S9 

JaO  G-43 

Kft,0(tr.U,0)  0-31 
CkO  0-78 

H.O  13-oa 

100-41 


'^  L         -74 
16  f  ^* 


The  ratio  P,0,  :  RO:  H,0=1 :  3  :  8,  corresponds  to  the  form- 
ula Mn,P,0,4-8aq,  which  requires  the  following  percentage 
com^->03ition : — 

P,0,     =    34-7i 

UdO       =      53-08 


It  is  interesting    to  note  here  that  the  siime  formula   was 
deduced  by  M.  Debray*  for  an  artificial  salt  which  he  obtained 
in  brilliant  crystalline  grains  by  boiling  a  solution  of   phos- 
•  AiuMlM  de  Cbimte  et  de  Fh78i<iue,  III,  1x1,  433,  UGl. 
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phoric  acid  in  excess  with  pare  magnanese  carbonate.  He 
gives,  however,  no  description  of  the  form  of  the  crystals 
obtained. 

The  close  correspondence  of  reddingite  with  scorodite  and 
strengite  has  already  been  pointed  out ;  chemically  the  relation 
is  not  so  close,  for  the  manganese  is  all  in  the  lowest  state  of 
oxidation  and  only  three  molecules  of  water  are  present  The 
formulas  for  the  three  minerals  are  as  follows: — 

Reddingite  MnsPcO^+Saq. 

Soorodite  FeAs«  08+  4aq. 

Strengite  PeP.Os+^aq. 

Pyrognostics. — On  heating  in  the  closed  tube,  whitens  at 
first,  then  turns  yellow  and  finally  brown,  but  does  not 
become  magnetic.  In  the  forceps  fuses  in  the  naked  lamp 
flame  (F=2).  B.B.  colors  the  fiame  pale  green  and  fuses 
easily  to  a  blackish-brown  non-magnetic  globula  Dissolves  in 
the  fiuxes  and  reacts  for  manganese  and  iron.  Soluble  in 
hydrochloric  and  nitric  acids. 

Keddingite  is  named  from  the  town  in  which  the  locality  is 
situated.  It  was  the  last  of  the  above  species  to  be  discovered, 
and  we  were  led  to  make  an  especial  search  for  it  by  finding 
black  octahedrons  implanted  upon  one  specimen  which  were 
obviously  pseudomorphs  and  which  could  not  be  referred 
to  any  known  species.  Another  specimen  exhibited  pseudo- 
morphs of  the  same  species,  but  wnere  the  alteration  was  not 
so  far  advanced. 

Concluding  note. 

In  a  second  paper  upon  this  locality  which  we  expect  to  pub- 
lish within  a  few  months  we  shall  describe  under  the  name  of 
fairfieldite  a  sixth  new  species,  whose  character  has  been  deter- 
mined too  late  to  find  a  place  in  these  pages.  It  is  a  hydrous 
phosphate  of  manganese  and  lime,  having  the  formula  B3P3O, 
-f  2HjO,  where  the  protoxide  elements  are  manganese  and  lime 
chiefiy;  also  iron  and  soda  in  small  quantities.  Fairfieldite  is 
a  yellowish-white  to  colorless  transparent  mineral,  with  an 
adamantine  luster  on  the  surface  of  eminent  cleavage;  the 
hardness  is  3*5,  and  the  specific  gravity  is  3'15 

We  intend  also  to  give  descriptions  and,  so  far  as  possible, 
analyses  of  the  other  associated  minerals,  as,  rhodochrosite, 
hebronite,  the  black  massive  products  of  decomposition  and 
other  species  of  special  interest. 


Abt.  XII, —  Obeervalions  of  the  Transil  of  Mercury,  May  i 
1878 ;  by  L.  Thouvelot. 

The  transit  of  Mercury  over  the  Sun  was  observed  at  ray 
Physical  Observatory  in  Cambridge  with  the  6i  inch  refract- 
ing telescope  by  Merz,  the  full  aperture  being  used  during  the 
wnole  time  of  transit.  The  power  employea  for  the  observa- 
tions of  contacts  was  163,  but  for  physical  observations  higher 
powers  were  found  necessary.  Even  as  high  as  250  and  450 
were  found  excellent  during  the  afternoon.  The  chronometer 
was  compared  before  and  after  transit  with  the  Harvard  Col- 
lege Observatory  mean  time  clock. 

On  the  morning  of  the  transit  the  prospects  for  good  observa- 
tions were  not  promising,  the  sky  being  overcast  with  dense 
and  continuous  cirri  which,  however,  allowed  the  sun  to  be 
seen  through  them  most  of  the  time.  But  in  consequence  of 
this  state  of  the  atmosphere  the  telescopic  image  appeared 
rather  poorly  illuminated ;  although,  considering  the  circum- 
stances the  definition  was  fair  and  the  image  quite  steady,  the 
sun's  limb  appearing  only  a  little  diifused. 

Half  an  hour  before  the  predicted  time  for  contact  the  sun's 
surface  was  carefully  scrutinized,  but  no  spots  were  seen ;  and 
although  a  few  small  scattered  faculie  were  visible  later,  none 
could  be  seen  at  the  time,  owing  probably  to  the  thick  Tspon 
in  the  sky.  No  trace  of  the  granulations  of  the  solar  snifaoe 
could  be  seen.  The  sky  forming  the  background  to  the  sun 
appeared  of  a  milky  whiteness,  a  very  unfavorable  condition 
for  the  observation  of  Mercury  before  ingress. 

From  22''  20"  till  the  time  of  contact,  efforts  were  made  to 
find  the  planet  outside  of  the  sun,  but  with  no  success ;  although 
the  telescope  was  directed  exactly  where  Mercury  entered  the 
solar  limb,  and  my  sight  must  very  likely  have  been  directed 
several  times  where  the  visible  planet  was  situated.  At  22'"  26"', 
the  chronometer's  beats  began  to  be  counted,  and  at  22''  28" 
87"5,  Harvard  College  OBservatory  mean  time,  the  planet 
suddenly  made  its  appearance,  notching  the  sun's  limb  almost 
exactly  where  my  sight  was  directed  at  this  moment  The 
suddenness  of  the  phenomenon  created  some  confusion  in  my 
mind  from  which  ensued  a  delay  of  perhaps  one  or  one  and  a 
half  seconds  in  my  record  of  the  time,  so  that  most  probably 
the  true  contact  really  occurred  at  22''  28°-  86-^,  H.  C.  O.  mean 
time. 

Although  the  contact  seemed  to  me  at  Erst  to  have  been 
instantaneous,  yet,  some  unexplained  phenomenon  must  have 
takeu  place  immediately  before  I  saw  the  black  notch  on  the  sun's 
limb,  as  I  distinctly  remembered  afterwards  that  my  atteotioo 
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was  called  to  this  particular  spot  by  a  something  I  cannot  well 
define,  but  which  made  me  aware  of  the  approacn  of  the  planet 
But  the  impression  was  so  rapidly  followed  by  the  contact  that 
I  have  no  definite  idea  of  it,  and  am  consequently  unable  to 
describe  it 

While  the  disc  of  Mercury  was  passing  the  Sun's  limb,  my 
attention  was  particularly  directed  to  the  observations  of  the 
physical  phenomena.  The  luminous  point  on  the  disc  and  the 
luminous  ring  were  eagerly  sought  for,  but  no  trace  of  either  of 
these  phenomena  was  perceived.  The  two  opposite  parts  of  the 
sun's  limb  in  apparent  contact  with  the  black  disc  of  the 
planet  were  also  carefully  observed  to  see  whether  there  would 
be  any  index  of  atmospheric  refraction,  but  nothing  indicating 
it  was  observed.  It  is  true  that  at  this  time  the  vapors  in 
our  atmosphere  were  quite  dense  and  the  telescopic  image 
&intly  illuminated ;  in  fact,  the  conditions  were  not  at  all 
&vorable  for  such  delicate  observationa 

As  the  time  of  internal  contact  was  nearing,  it  became  obvi- 
ous to  me  that  it  would  be  very  difficult  to  estimate  the  exact 
time  of  true  contact  by  the  observation  of  the  breaking  up  of 
the  cusps,  as  they  did  then  appear  very  dark  and  indistinct,  so 
I  immediately  concluded  to  observe  the  apparent  contact  when 
the  black  ^isc  of  Mercury  would  be  in  apparent  contact  with 
the  sun's  limb.  This  was  done,  and  the  phenomenon  took 
place  at  22»>  80™  52«-5,  H.  C.  O.  m.  t 

I  feel  quite  confident  that  I  have  recorded  this  internal  contact 
within  a  second  or  two  of  its  true  occurrence.  According  to  these 
observations,  the  time  elapsing  between  the  two  contacts  was 
2'"  16**6.  At  least  a  minute  passed  before  I  was  certain  of  see- 
ing a  thread  of  li^ht  separating  Mercury  from  the  sun's  limb. 
No  ligament  or  black  drop  was  seen,  however,  the  dark  appear- 
ance of  the  cusps  and  the  considerable  time  elapsing  between 
the  aoparent  internal  contact  and  the  breaking  up  of  the  cusps 
would  perhaps  indicate  that  such  a  phenomenon  took  place ; 
but  if  such  was  the  case,  the  black  drop  could  not  have  been 
as  dark  as  the  disc  itself,  otherwise  it  is  likely  that  it  would 
have  been  noticed,  as  I  was  in  expectation  of  seeing  such  a 
phenomenon. 

A  few  minutes  after  the  internal  contact,  the  disc  of  Mercury 
appeared  pyriform  and  slightly  elongated  towards  the  suns 
limb.  This  decided  appearance  of  the  planet  continued  visi- 
ble for  fifteen  or  twenty  minutes ;  the  major  axis  of  the  ellipsis 
being  directed  from  northwest  to  southeast,  it  being  a  little  in- 
clined towards  the  east  to  the  south  of  the  path  of  Mercury  on 
the  Sun.  This  appearance  was  probably  illusory,  as  later  when 
the  atmosphere  was  clear,  the  black  disc  appeared  perfectly 
drcalar. 
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From  the  time  of  first  contact  till  one  o'clock  in  the  after- 
noon, the  sky  became  more  and  more  cloudy  and  the  obsenra- 
tions  consequently  more  difficult  During  this  time  no  traces 
of  the  inter-mercurial  planets,  or  of  the  luminous  ring  were 
seen.  However,  I  had  a  persistant  impression  of  a  faint  nebu- 
lous cloud  on  or  near  the  center  of  the  black  disc,  but  notwith- 
standing my  efforts,  I  was  not  able  to  satisfy  myself  whether  it 
was  real  or  illusory. 

At  about  three  o'clock  the  sky  cleared  up,  the  definition  was 
good;  small  faculse  and  the  granulations  being  well  seen  on 
the  sun.  Mercury  was  observed  with  much  attention.  At  this 
time  the  planet  appeared  of  an  intense  bluish-black  color,  much 
darker  than  in  the  morning.  With  the  powers  260  and  450, 
the  planet  lost  entirely  the  fiat  appearance  of  a  disc,  and  its 
globular  form  became  very  conspicuous  and  striking ;  although 
no  difference  in  the  uniformity  of  its  intense  bluish-black  tint 
was  noticeable  which  could  produce  this  phenemenon.  The 
blackness  of  the  disc  appeared  much  more  intense  than  the 
umbra  or  nucleus  of  any  solar  spot  I  have  ever  observed,  and  I 
do  not  think  that  any  observer  familiar  with  the  appearance  of 
sun  spots,  could  for  a  moment  be  mistaken  and  tak:e  a  round 
black  spot  for  a  planet  in  transit,  so  striking  is  the  difiference  in 
character. 

The  small  nebulous  cloud  observed  in  the  morning  on  Mer- 
cury still  appeared  to  be  there  in  the  afternoon,  but  while  the 
vision  had  greatly  improved  by  the  clear  sky,  it  seemed  just  as 
faii)t,  ill  defined  and  ghost-like  as  when  the  sky  was  vaporous. 
Groat  efforts  were  made  to  see  a  definite  luminous  point  in  this 
cloud,  but  nothing  of  the  sort  was  visible.  1  was  not  able  to  con- 
vince myself  of  the  reality  of  the  phenomenon,  and  I  am  rather 
inclined  to  think  it  illusory  from  the  well  ascertained  fact 
that  the  nebulous  cloud  was  best  seen  in  the  afternoon  when 
the  image  was  slightly  tremulous;  but  the  moment  it  became 
steady,  the  phantom  cloud  vanished  entirely,  and  the  disc  of 
Mercury  appeared  of  a  uniform  intense  bluish-black  color. 

During  the  whole  time  of  trarisit,  attention  was  given  to  the 
sup[)osed  inter  mercurial  planets  which  might  have  been  in 
transit  on  the  sun  w^ith  Mercury,  but  no  trace  of  such  bodies 
could  be  detected,  either  by  direct  vision  in  the  telescope  or  by 
projection  on  a  screen.  If  such  bodies  do  really  exist  and  one 
or  several  were  in  transit  \\\\\\  Mercury,  their  apparent  diame- 
ter must  be  very  small,  and  at  least  less  than  one-half  of  that 
of  the  smallest  solar  granules,  as  a  black  object  of  this  size 
could  have  been  easily  detected  during  the  afleraoon. 

Although  pretty  well  defined,  the  edge  of  the  black  disc  of 
Mercury  never  appeared  very  sharp,  even  during  the  moments 
of  best  definition  ;  nor  did  its  outline  appear  perfectly'  smooth. 
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but  irregularly  and  slightly  serrated,  either  by  black  or  grayish 
poiQta.  This  waa  particularly  noticeable  on  the  south  preced- 
ing side,  where  the  black  disk  seemed  to  be  prolonged  by  a 
abort  grayish  appendage.  This  peculiarity  already  observed  in 
the  morning  soon  after  the  first  internal  contact,  was  still  visible 
during  the  afternoon  when  the  sky  was  clear  and  the  image 
steady  ;  although  it  was  not  then  so  apparent 

A  sharp  watch  was  kept  for  the  laminous  ring,  and  1  had 
almost  lost  all  hope  of  seeing  it,  when  soon  after  the  sky  cleared 
up,  I  saw  a  short  and  narrow  arc  of  light  banging  on  the  pre- 
ceding side  of  the  black  disc,  and  a  little  larger  and  wider  one 
OQ  tlie  following  side.  As  a  few  small  faculie  were  scattered 
in  the  vicinity  of  the  planet,  I  at  firat  thought  that  Mercury 
was  passing  over  some  of  these  objects,  but  it  soon  became  evi- 
dent that  these  luminous  arcs  were  really  hanging  to  the  dark 
disc,  as  I  could  soon  see  them  passing  over  the  solar  granulations 
with  the  planet.     Fig.  1. 


The  seeing  having  improved  soon  after,  I  distinctly  saw  a 
continuous  nng  of  light  encircling  Mercury,  and  I  continued  to 
see  the  phenomenon  for  two  hours  longer,  until  tlie  sky  clouded 
op  after  five  o'clock.  I  have  not  the  least  doubt  as  to  the 
r^ity  of  the  phenomenon,  as  it  was  well  seen  and  carefully 
observed.  During  the  most  favorable  moments  it  was  very 
obvious  that  the  ring  had  not  the  same  degree  of  brightness 
throughout,  the  brighter  parts  beine;  well  defined  on  the  sun, 
while  the  others  were  diiFused,  Taken  as  a  whole,  the  ring 
appeared  brighter  than  the  surface  of  the  sun,  am)  for  intensity 
it  might  have  been  compared  to  the  narrow  and  faint  facule 
sometimes  seen  at  some  distance  from  the  sun's  limb.  It  seemed 
to  me  that  if  inste,Rd  of  having  been  on  tlie  granulations,  the 
planet  had  been  projected  over  some  brilliant  faculse.  by  con- 
trast, it  would  have  appeared  surrounded  by  a  grayish  instead 
*     '       ■  "  ig.     The  


of  a  luminous  ring.     The  outer  edge  of  the  ring  did  not  appear 
sharply  defined,  except  at  its  brightest  parts,  but  its  inner  edge 
was  much  more  apparent,  iiud  the  irregularities  of  the  black 
disc  very  visible  on  this  luminous  background. 
The  ring  did  not  appear  perfectly  concentric  with  the  black 


128  L.  Trouveht—TransU  of  Sfemiry. 

disc,  and  this  became  very  apparent  a  little  before  five  o'clock 
when  the  Beeing  was  at  its  best  Then  it  certaiulj  appeared 
narrower  on  the  preceding  side  than  on  the  following.  At  this 
tnoment  I  estimated  its  width  on  the  preceding  side  at  aboat 
one-twentieth  of  the  diameter  of  the  disc,  while  on  the  follow- 
ing it  was  estimated  at  about  one-fifteenth.     Fig.  2. 

Between  four  and  five  o'clock,  Mercury  waa  spectroscopicallj 
observed  with  an  excellent  diffraction  grating  which  I  owe  to 
the  kindness  of  Mr.  Rutherfurd.  The  apectruna  appeared  of  an 
intense  black  color,  much  darker  than  any  of  the  absorpUon 
lines  of  the  solar  spectrum,  and  quite  sharply  defined  on  its 
edges.  1  attentively  observed  wbether  the  absorption  lines 
appeared  thickened  or  deflected  close  to  their  point  of  contact 
with  the  spectrum  of  Mercury,  but  nothing  waa  seen.  I  do  not 
remember  having  seen  the  spectrum  of  the  luminous  ring  form- 
ing a  bright  hand  on  either  side  of  the  black  spectrum,  but 
unfortunately  the  thought  of  making  this  observation  did  not 
occur  to  me  till  after  the  transit  was  over.  Judging  from  the 
bright  appearance  of  the  ring,  it  is  quite  likely  that  this  spec- 
trum would  have  been  visible  with  a  spectroscope  of  small  dis- 
persive power. 

After  five  o'clock  the  sky  became  partly  cloudy,  and  observa- 
tions were  difficult.  At  6'>  d'!"  the  definition  was  rather  bad, 
the  image  being  unsteady  and  the  limb  of  the  sun  wavey 
and  boiling.  A  minute  or  two  before  the  third 
contact,  the  sun  disappeared  behind  a  narrow,  but 
ijnque  cloud,  and  when  it  emerged  from  it,  inter- 
ml  contact  had  taken  place  and  was  consequently 
lost  the  planet  having  then  about  half  of  its  disc 
tnf.nged  on  the  sun's  Hmb.  While  Mercury  was 
thus  passing  over  the  limb,  I  easily  and  very  dis- 
tiiK  tly  saw  that  the  two  angles  formed  by  the  limb 
if  the  sun  in  apparent  contact  with  Mercury  had 
.  thuircornersmunaedoft".  Fig.  3.  This  phenomenon 
ttliich  was  very  apparent  seems  to  be  of  the  same 
mtnre  as  the  black  drop,  which  I  had  not  the  good 
-  fortune  to  see.  I  do  not  remember  having  seen  at 
'  lliis  time  any  trace  of  the  luminous  Hug  either  on, 
oi  outside  the  sun,  but  the  seeing  was  had  at  this  moment,  and 
my  ittentton  was  so  much  occupied  with  the  last  contact  that 
\er\  likel\  it  his  escaped  my  notice. 

Asiheid)  'it.itcd,  the  sun's  limb  was  wavey  and  boiling  at  the 
time  of  the  two  last  contacts  ;  it  is  undoubtedly  owing  to  tiiis 
fact  that  at  &*  0"  14*,  Mercury  completely  disappeared  from  the 
limb  of  the  sun,  and  last  contact  was  recorded.  However,  a 
few  seconds  later,  the  planet  reappeared  and  was  seen  still 
notching  the  sun's  limb,  it  having  probably  been  lost  in  the 
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trough  of  some  deep  wave  of  the  sun's  edge.  The  last  contact 
occurred  at  6*>  0"  SO**?,  Harvard  Coll.  Observatory  mean  time. 
No  trace  of  the  planet  was  seen  after  it  left  the  limb  of  the  sun, 
but  the  sky  was  not  very  clear  and  the  image  was  too  unsteady 
to  make  delicate  observation& 

The  luminous  ring  observed  around  Mercury  in  transit  has 
generally  been  attributed  to  the  horizontal  refraction  undergone 
by  the  rays  of  the  sun  in  passing  through  the  dense  atmosphere 
which  is  supposed  to  envelop  this  planet  This  explanation 
seems  quite  plausible,  although  it  is  difficult  perhaps  to  con- 
ceive how  atmospheric  refraction  alone  can  produce  such  a 
phenomenon,  and  it  would  seem  that  something  else  is  wanting 
to  fully  explain  it  Perhaps  the  refraction  theory  might  some- 
what be  helped  by  the  fact  that  the  sun,  having  a  vastify  greater 
diameter  than  Mercury,  must  necessarily  illuminate  at  all  times 
more  than  one-half  oi  the  globe  of  this  planet,  and  this  surplus 
of  illumination  must  be  visible  from  the  earth  during  transits, 
and  appear  as  a  thin  luminous  ring  surrounding  Mercury.  Of 
course  the  distance  between  the  sun  and  Mercury  considerably 
reduces  the  apparent  breadth  of  this  ring ;  but  still  it  is  there ; 
and  this,  combined  with  the  horizontal  refraction,  may  explain 
the  observed  phenomena. 

Gambridge,  If  ay  8th,  1878. 


Abt.  XIII. — Discovery  of  a  new  Planet ;  by  Professor  C.  H.  P. 
FETERa — From  a  letter  to  the  Editors,  dated  Litchfield  Ob- 
servatory of  Hamilton  College,  Clinton,  N.  Y.,  July  8, 1878. 

Ok  June  ISth  I  marked  upon  my  chart,  quite  near  to  a  star 
of  the  11th  magnitude,  another  of  the  12th  or  18th  magnitude ; 
and  on  June  19th  this  star  was  no  more  in  its  placa  I  there- 
fore drew  upon  the  chart  all  the  small  stars  in  the  neighbor- 
hood ;  but  before  the  one  among  these  that  had  revealed  itself 
by  its  motion  as  a  planet,  could  oe  recognized,  the  sky  had  be- 
come thick.  On  the  following  evening,  June  20th,  there  was 
no  difficulty  in  finding  the  planet  Its  position  was  put  down 
on  the  chart ;  but  when  the  micrometer  was  arranged  for  obser- 
vation, it  had  clouded  up.  So  the  sky  remained  until  June 
25th,  when  a  complete  determination  of  its  position  was  ob- 
tain^. £[aving  notified  Professor  Pickering,  I  have  received 
through  his  kindness  also  an  observation  of  the  same  evening, 
made  by  Mr.  Winslow  Upton  at  the  Cambridge  observatory. 

The  following  are  the  positions  of  the  new  planet,  I  have 
succeeded  in  gathering  here,  including  those  graphically 
obtained  from  the  chart 
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[188]  apparoDt 
a,                        6 

June  18, 
19, 

h.   m. 

10  30  - 

11  0  - 

h.    ID.        B. 

15  40  28 

16  39  56 

-17*'  6'-4l" 
16  591 

Uncertainty  ±10" 
±30" 

20, 

10  30  - 

15  39  29 

16  52-3 

±30" 

26, 
27, 

12  23     4 
11     9  54 

16  37  23  01 
15  36  45-74 

16  22  51-0 
16  12     9-8 

18  oomp.  by  ring  micr. 
16        **                »* 

28, 
29, 

10  45  49 
10  11  32 

J  5  36  29-20 
15  36  14*82 

16     6  62-4 
16     2    ,6.4 

9  oomp.  by  filar  micr. 
10        "               " 

30, 
July    1, 

10  12  48 
10  28  13 

16  36     1-56 
15  35  50-10 

16  57     8M 
-15  52  23-6 

12  oomp.  by  ring  micr. 
12        "                " 

The  comparison  stars  of  June  28  and  30  require  a  re-deter- 
mination by  some  meridian  circle. 


Art.  XIV. —  On  "  Ivdurated  Bitumen  "  m  cavities  in  the  trap  of 
the  Connecticut  valley.  From  the  Report  on  the  Geology  of 
Connecticat,  by  Dr.  J.  G.  Pkrcival. 

Dr.  Pkrcival's  observations  on  the  occurrence  of  what  he 
called  "indurated  bitumen"  in  the  trap  of  Connecticut  valley, 
given  in  his  Geological  Report  of  Connecticut  (1842)  are  briefly 
mentioned  in  Mr.  L  C.  Russell's  paper,  page  112  of  this  volume. 
Percival's  notes  are  so  full,  and  of  so  great  interest,  that  we  cite 
further  from  his  Report. 

Speaking,  p.  315,  of  the  common*  variety  of  amygdaloid  accom- 
panying the  trap  he  says,  that  the  "  pores  "  [cavities]  are  some- 
times occupied  by  a  shining  black  indurated  bitumen,  somewhat 
resembling  anthracite  in  appearance."  Further,  p.  318,  that  the 
metallic  veins  in  the  trap,  whose  ores  are  sulphides  of  copper,  lead, 
zinc  and  iron,  in  a  matiix  of  "sulphate  of  barytes,  quartz  and 
calcareL>u8  spar,"  "  occasionally  contain  seams  or  nodules  of  indu- 
rated bitumen,  similar  to  that  already  noticed "  on  p.  318,  and 
that  in  the  "  altered  rOcks  adjoining  the  trap  " — the  sandstone — 
various  minerals  are  often  found,  including  "hyalite,  epidote, 
chlorite,  brown  spar,  fluor  spar  and  indurated  bitumen."  Again, 
p.  320,  he  remarks  that  in  the  trap  region  of  Berlin  and  Hanford, 
there  are  in  the  shale  apparent  dikes  that  consist  of  indurated 
shale,  "through  which  points  of  bitumen  are  disseminated,  as 
already  noticed  in  a  variety  of  amygdaloid;"  and  that  in  the 
brown  and  bituminous  shale  accompanying  these  dikes,  there  are 
"  also  included  seams  of  bitumen  with  brown  spar  and  sometimes 
with  fluor." 

The  above  are  general  statements  as  to  the  diflferent  modes  of 
occurrence  of  the  "  indurated  bitumen."  In  the  course  of  the  fol- 
lowing pages  he  mentions  the  facts  at  special  localities. 

On  page  376,  he  observes  that  east  of  Farmington  near  the 
north  pomt  of  a  ridge  of  amygdaloid,  "a  quantity  of  indurated 
bitumen  (considered  as  coal)  was  found  on  the  back  of  the  amyg- 
daloid, the  pores  [amygdaloidal  cavities]  of  which  in  the  vicinity 
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were  occupied  partly  by  a  similar  bitumen,  and  partly  by  a  dark 
green  chlorite."  "  CTopper  has  been  found  in  veins  in  the  anterior 
amygdaloidal  ridge  west  of  the  Hanging  Hills,"  near  Meriden, 
and  ''  a  similar  bitumen  is  found  in  the  matrix  of  the  veins,  which 
consists  of  quartz,  calcareous  spar  and  sulphate  of  barytes." 

Page  382.  In  the  trap  range  west  of  Middletown  "  where  the 
stream  (the  Mattabesick)  crosses  the  third  (Eastern)  ridge,  con- 
siderable quantities  of  indurated  bitumen  have  been  found  in  the 
trap,  occupying  veins  and  the  cavities  of  large  quartz  geodes  "; 
and  iarther  north,  on  the  east  side  of  the  same  ridge,  wnere  the 
trap  appears  as  a  dike  and  is  bordered  laterally  by  brown  indu- 
rated shale  small  veins  occur  "  in  the  trap  and  shale  containing 
Bulphurets  of  lead,  zinc  and  iron,  in  a  matrix  of  quartz,  sulphate  of 
barytcs  and  calc  spar,  and  also  including  seams  of  indurated  bitu- 
men. On  page  384  he  observes  that  in  the  line  of  the  ridge  pass- 
ing tbrougn  New  Britain,  at  Hart's  Mills,  there  is  a  wide  bed  of 
bituminous  shale  with  interposed  bands  of  a  bluish  compact  sub- 
bituminous  limestone,"  and  here  there  is  a  dike  of  indurated  clay 
with  disseminated  bitumen,  '^  adjoining  which  the  shale  abounds 
in  cross  seams  of  brown  spar  with  bitumen  and  fluor." 

Page  885.  Near  the  north  point  of  Farmmgton  Mountain  w^est 
of  north  from  New  Britain,  the  amygdaloid  ^*  abounds  in  agates 
and  has  its  pores  partly  occupied  by  indurated  bitumen." 

The  localities  aoove  mentioned  are  within  twenty-five  miles  of 
New  Haven,  to  the  northeast  and  north. 

Page  388.  South  of  Hartford,  toward  the  southern  end  of  the 
trap  ridge  called  Rocky  Hill,  where  it  is  nearly  east  and  west  in 
coarse,  it  *^  crosses  a  wide  valley  in  which  is  a  large  bed  of  bitu- 
minous shale  containing  fish  impressions,  recently  excavated  for 
coaL"  The  ridge  terminates  toward  the  north  m  low  swells  of 
amygdaloid ;  and  just  northeast  is  a  mass  of  dark  greenish  indu- 
rated shale,  highly  contorted  and  disturbed  in  dip,  with  seams  of 
bitumen  and  calcareous  spar  and  traces  of  copper. 

After  speaking  in  several  places,  on  pages  428  to  447,  of  out- 
crops of  bituminous  shale  ana  limestone,  forming  part  of  the  Tri- 
aasic  sandstone  formation,  and  often  containing  fish  remains,  he 
mentions  on  page  451  the  occurrence  of  similar  bituminous  shale 
and  limestone  m  the  small  Triassic  area  of  South  bury  (which  is 
quite  independent  of  that  of  the  Connecticut  valley,  and  fifteen 
miles  west  of  it) ;  and  adds  that ''  seams  of  indurated  bitumen  and 
also  of  mineral  caoutchouc  occur  in  the  bituminous  shale  and 
limestone,  and  the  latter,  particularly,  is  sometimes  impregnated 
with  naphtha,^'* 

PercivaPs  facts  thus  have  great  importance  toward  settling  the 
question  as  to  the  origin  of  the  hydrocarbon  of  the  amygdaloid. 
They  show  that  the  material  occurs  in  the  Triassic  rocks  as 
naphtha;  as  a  flexible  half-indurated  material  which  he  called 
caoutchouc ;  and  as  a  firm,  brittle  coal-like  material,  which  he  calls 
indurated  bitumen.  Professor  C.  U.  Shepard,  his  associate  in  the 
sorvey  of  Connecticut,  mentions  the  **  indurated  bitumen  "  (Rep. 
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lSd7t  p.  61,  62  lind  I6S);  but  calls  the  mbcrat  fVom  the  Woet 
Hartford  trap,  anthracite.  lie  remarks  that  the  coaly  fiubstance 
from  "  the  trap  at  Farmington,  Sonllibnry  and  Kockv  Hill,  Bart- 
ford,  ignites  slowly  and  bums  witboat  odor ;  further  tbat  tbe  same 
from  the  shale  at  Berlin,  and  the  bituminoas  sUaloa  of  Soathbary, 
is  "compact  bitumen";  that  "in  many  instancea  when  freshly 
taken  from  the  qnarrr  it  is  semi-fluid,  or  only  so  much  inspissated 
as  to  form  what  i«  called  elastic  bitumen  or  minenvl  caoutchouc, 
and  bums  with  a  white  tlame  and  much  smoke." 

Percival  recognized  the  igneous  origin  of  tbe  trap,  and  the  fitet 
that  the  Ti'iassic  or  "Secondary  formations  were  formed  from  the 
debris  of  the  Primary  rocks."  The  remark  with  which  he  cloeee 
the  subject  implies  that  he  sapposed  the  bitaminoas  material  to 
have  come  from  the  same  deep-seated  source  as  the  trap.  Tet  his 
facta,  and  Ijis  special  presentation  of  them,  are  so  well  calculated 
to  prove  that  the  bituminous  shale  and  limestone  are  tbe  sources 
of  this  "indurated  bituDien,"  and  that  the  trap,  while  on  its  way 
to  tbe  surface,  took  in  the  gaseous  hydrocarbon  distilled  from  the 
rocks  by  the  heat — nearly  at  the  same  time  that  it  took  in  mois- 
ture in  vapor  tVom  some  sources  of  water  and  so  became  bydrated 
and  vesicular — [a  view  f  have  for  some  years  held*),  that  it  is 
reasonable  to  suspect  that  Percival  may  have  entertained  this 
opinion  although  it  was  not  bis  final  conclusion.  It  seems  hardly 
probable  that,  after  observing  with  so  much  detail  the  wide  dis- 
tribution of  tbe  bituminous  shales  and  limestone,  he  should  have 
attributed  all  the  impregnating  hydrocarbon  of  these  rooks  to  tlte 
igneous  eruptions. 

The  view  that  the  bfttuninoaB  material  in  the  trap  came  fima 
the  shales  and  limestone  and  was  taken  in  by  the  hot  trap  on  its 
way  through  these  rocks,  is  brought  ont  by  Mr.  G.  W,  Hawee  in 
this  Joumu,  on  page  fi6  of  volume  ix,  187A.  j.  d.  d. 
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temperature  is  daily  receiving  more  attention.  Sir  William 
Thomson,  in  the  PkiL  Mag.  for  May,  1 878,  No.  32,  page  370,  pro- 
poses the  following  problems  for  solution ; 

Problem  I.  A  fire  is  lighted  on  a  small  portion  of  an  aainter- 
mpted  plane  boundary  of  a  loase  of  rock,  of  the  precise  qoaUty  of 
that  of  Calton  Hill,  and  after  burning  for  a  certun  time  is  re- 
moved, the  whole  plane  area  of  rock  being  then  freely  exposed  to 

*  TMb  water  I  bave  suppoMd  to  bave  largely  underlaid  Oie  Triasdc  tonnattoD, 
occupying  qucea  between  it  and  the  subjacent  metamorphic  rocka,  and  also  to 
hBTBBziitedinatidamongttieBtrMaof  tbe  torautlon— the  beds  being  onen  portms 
sandstonea  and  looaely  united  (Una  Journal,  vi,  1813,  paoe  108) ;  and  if  miJiilj 
tram  beneUb  Oie  Trisi^o,  U  woold  Lave  been  takan  in  juat  baton  ijb»  itjit^ 
carbon  rapois. 
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the  atmosphere.  It  is  required  to  determine  the  consequent  con- 
duction or  heat  through  the  interior. 

Problem  II.  It  is  required  to  trace  the  effect  of  an  unusually 
hot  day  on  the  internal  temperature  of  such  a  mass  of  rock. 

Problem  IIL  It  is  required  to  trace  the  secular  effect  conse- 
quent on  a  sudden  alteration  of  mean  temperature. 

Problem  IV.  It  is  required  to  determine  the  change  of  tem- 
perature within  a  ball  of  the  rock,  consequent  upon  suddenly 
removing  it  from  a  fluid  of  one  constant  temperature  and  plunging 
it  into  a  fluid  maintained  at  another  constant  temperature. 

Thomson  contines  himself  mainly  to  the  mathematical  discussion 
of  problem  I,  since  the  solution  for  problem  I  can  be  applied  with 
slight  variations  to  problem  II  and  III,  and  problem  IV  is  an 
example  of  Fourier's  well  known  solution  for  a  globe,  which  has 
lately  been  treated  in  detail  by  Professors  Ayrton  and  Perry. 

Problem  I  is  thus  stated  according  to  the  author^s  assumptions : 
^An  infinitely  small  area  of  an  infinite  plane^  terminating  on  one 
side  a  ma^s  of  uniform  trap  rock^  which  extends  tip  indefinitely 
in  aU  directions  on  the  other  side^  is  infinitely  heated  for  an  in- 
finitely short  time^  and  the  whole  surface  is  instantly  and  forever 
after  maintained  at  a  constant  temperature.  It  is  required  to  dc' 
temiine  the  consequent  internal  variations  of  temperature,'*^ 

From  the  mathematical  expression  obtained  from  this  statement 
the  following  conclusions  result. 

(1)  The  simultaneous  temperatures  at  different  points  equi- 
distant from  the  position  of  the  Are  are  simply  proportional  to  the 
distances  of  these  points  from  the  plane  surfaces. 

(2)  The  law  of  variation  of  temperature  with  distance  in  any 
one  Une  from  the  place  where  the  Are  was  applied,  is  the  same  at 
all  times. 

(d)  The  law  of  variation  of  temperature  with  time  is  the  same 
at  all  points  of  the  solid 

(4)  Corresponding  distances  in  the  law  of  variation  with  dis- 
tance increase  in  proportion  to  the  square  root  of  the  time  from 
the  application  and  removal  of  the  fire ;  and  therefore,  of  course, 
corresponding  times  in  the  law  of  variation  with  time  are  propor- 
tional to  the  squares  of  the  distances. 

(5)  The  maximum  value  of  the  temperature,  in  the  law  of  varia- 
tion with  distance,  diminishes  inversely  as  the  square  of  the  in- 
creasing time. 

(6)  The  maximum  value  of  the  temperature  in  the  law  of  varia- 
tion with  time,  at  any  one  point  of  the  rock,  is  inversely  as  the 
fourth  power  of  the  aiatance  from  the  place  where  the  fire  was 
applied. 

(7)  At  any  one  time  subsequent  to  the  application  of  the  fire, 
the  temperature  increases  in  any  one  direction  from  the  place 
where  the  fire  was  applied  to  a  maximum  at  a  distance  equal  to 

^2kij  and  beyond  that  falls  to  zero  at  an  infinite  distance  in 

every  direction.     The  value  of  k  for  the  trap  rock  of  Calton  Hill 
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being  141,  wUtn  n  year  is  tnken  aa  the  unit  of  lime,  and  »  Brititb 
foot  iht"  unit  of  spfioe,  the  radiiia  of  the  hemi^plicrical  eurtace  of 
maximum  temperature  is  therefore  ICflX'v''  *'?e'-  ThuH  at  the 
i>nd  of  one  year  it  is  16-8  feet,  at  the  end  of  10,000  yfars  it  is  16R9 
feet,  from  the  origin. 

(h)  At  any  point  at  a  finite  distance  within  the  solid  (which,  by 
hypothesis,  is  at  temperature  zero  at  the  instant  when  the  flr«  ia 
applied  and  removed),  the  temperature  increases  to  a  inaximam 
St  a  certain  lime,  and  then  diminishes  to  zero  again  after  an  in- 
finite lime ;  the  ultimate  law  of  diminution  being  inveraely  as  the 
square  root  of  tht>  fifth  power  of  the  time.  The  time  when  the 
maximum  temperature  is  acquired  at  a  distanee  r  from  the  place 

(* 
wht-re  the  lire  was  applied,  ia  -j^ ,  or,  according  to  the  valae 

found  for  trap  roolc,  "j^g^  of  a  year.     Thus  it  appears  that  at  one 

French  foot  from  the  place  of  the  fire,  the  maximum  lem]>eraturv 
is  acquired  a  day  and  a  half  (more  exactly  1*64  days)  afttr  the 
application  and  removal  of  the  8re,  At  15'4  French  feel  from 
the  fire,  the  maximum  temperature  is  reached  just  a  year  from  the 
beginning,  and  al  1540  feet  the  maximum  is  reached  in  10,000 
years. 

Many  observations  on  underground  temperatures  have  b«n 
made  by  Dr.  SchwartiE  in  the  mining  district  of  Suhemnits  in 
Hungary.  A  resnmi^  of  his  work  has  appeared  in  Tlature,  April 
11,  lr<7b.  Observations  were  taken  by  tlie  means  of  raercuml 
thermometers,  placed  in  holes  '422  and  -19  of  a  metre,  which  were 
bored  in  the  rock  of  thirty-eight  gallcriee.  In  the  linal  reductions 
Dr.  Schwartz  compares  the  temperature  in  the  deepest  galleries 
of  each  shaft  nnth  the  assumed  mean  annual  temperature  of  the 
ground  at  the  shaft  month.  He  also  gives  his  reasons  for  belieT- 
ing  tbitt  the  mean  temperature  one  meter  deep  in  the  localities  in 
question  is  1°  C.  higher  than  the  mean  temperature  of  the  air. 
From  the  reduced  observations  we  learn  that  there  was  a  total 
increase  of  3»''-a  C.  in  IS87  m.,  which  is  at  the  rate  of  l"  C.  in 
41-4  m.,  or  l"  F.  in  76'6  feet. 

The  comparison  of  the  deepest  observations  with  the  shallowest 
which  was  undertaken  as  a  check  upon  the  above,  gave  a  mean  oi 
1°  K.  in  72-5  feel. 

The  rock  consisted  mainly  of  trachyte  and  greenstone.  From  j 
an  analysis  of  ihe  rooks  the  report  appears  to  indicate  important  i 
yariations  in  temperature,  due  to  the  decomposition  of  metallic 
sulphides.  Observations  have  also  been  taken  by  the  manager 
of  the  Boldon  Colliery,  between  Newcastle  and  Sunderland,  in 
holes  bored  upward  to  a  distance  of  ten  feet  from  some  of  the 
deepest  seams.  Tlie  thermometer  used  is  characterized  as  a  slow 
aetion  one — not  a  eclf-regislcring  one— and  was  placed  in  the  bot- 
tom of  the  hole  and  protected  by  an  air-tight  plug.  The  distance 
of  the  thermometer  from  the  surface  of  the  earth  was  186&  fie«L  J 
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This  thermometer,  thus  placed,  gave  an  indication,  April  26,  of 
75®,  which  was  the  same  for  four  consecutive  weeks.  The  same 
thermometer  was  placed  in  the  same  manner  in  another  hole, 
1514  feet  from  the  surface  of  the  earth.  Observations  taken  in 
July  and  August  gave  a  temperature  of  79®.  The  mean  annual 
temperature  at  the  surface  was  assumed  to  be  48°.  For  the  inter- 
val of  149  feet  between  the  holes,  there  was  an  increase  of  4°  F. 
which  is  at  the  rate  of  1®  F.  in  37  feet.  In  the  whole  depth  of 
1514  feet  from  the  lower  surface  to  the  lower  hole  we  have  an 
increase  of  31°,  which  is  at  the  rate  of  1°  F.  in  49  feet.  Late 
observations  in  India  indicate  that  the  Summer  heat  influences 
observations  taken  even  at  a  depth  of  sixty  feet.  j.  t. 

2.  On  t/ie  Law  of  Solid  Volumes, — Schroder  has  investigated 
the  question  of  the  volume  occupied  by  elements  in  the  solid 
state  in  compounds  and  has  discovered  a  law  which  he  calls  the 
law  of  solid  volumes  and  which  he  enunciates  as  follows :  In 
every  solid  compound,  the  volume  in  the  solid  state,  i.  e.,  the 
stere,  of  one  of  its  elements  determines,  by  means  of  the  forces 
active  during  crystallization,  the  assumption,  by  all  the  other  ele- 
ments, of  the  same  solid  volume  or  stere.  In  other  words,  one  of 
the  elements  assimilates  to  itself  all  the  others.  The  molecular 
volume  of  a  compound  in  the  solid  state  requires  as  many  atoms 
aa  18  necessary  to  make  the  volume  of  each  element  an  entire 
multiple  of  the  controlling  stere.  A  solid  molecule  contains 
therefore  only  entire  steres  of  each  olement  contained  in  it.  The 
solid  molecule  of  zinc  contains  Zn^  and  of  zinc  oxide  ZngOg, 
because,  both  alone  and  in  the  oxide  three  zinc  atoms  occupy  the 
volume  of  five  steres,  the  three  oxygen  atoms  occupying  the  vol- 
ume of  three.  In  a  formula,  Schroder  indicates  the  number  of 
Bteres  of  an  element  by  an  ordinary,  and  the  number  of  atoms  by 
a  sub  exponent.  A  stere-value  is  marked  by  a  line  over  it  and  a 
volume  calculated  or  observed,  by  a  line  beneath  it.     Thus  silver 

for  example,  Ag«=2X5'14  =10-28 ;  obs.   vol.=10'28,  means  that 

an  atom  of  silver  or  108  grams  takes  a  space  of  10*28  cubic  centi- 
meters ;  I  e.,  twice  5*14  c.  c,  or  two  silver  steres.  For  the  chlo- 
ride, iodide  and  bromide  of  silver,  he  gives  Ag*Cl^=r5X5*14= 
25-70;  obs.  vol  25-7.      Agf  Br*  =6  X  604=80-84,   the  obs.  vol. 


AgifI^:=8X5-14  =  4ri2,  also  the  obs.  vol.  In  all  three,  the  con- 
trolling volume  is  the  silver  stere,  silver  entering  as  two  steres, 
eblorine  as  three,  bromine  as  four  and  io<line  as  six.  The  author 
han  applied  his  law  to  a  large  number  of  chemical  compounds  and 
obtains  some  significant  results. — Ber.  Berl.  Chem,  Ges,^  xi,  1109, 
Hay,  1878.  g.  f.  a 

8.  On  Flame  Temperatures. — Roskttt  has  continued  his  experi- 
ments upon  the  temperatures  of  flames  and  finds  that  although 
gas  flames  are  much  increased  in  volume  by  pressure,  the  corre- 
sponding zones  show  nearly  the  same  temperatures,  the  diflerence 
being  only  20**  for  a  great  variation  of  pressure.     The  maximum 


tempemture  in  a  powerl'ul  Butisfn  burner  couHiimin^  to  niie  vol- 
ume of  gas  2-2  of  uir,  was  ISCO";  beoomiiig  1160"  when  the 
volumes  of  gas  and  air  are  equal.  Ueitig  a  Btinseii  buruer  cloned 
below,  the  maicimum  teuperaturo  observed  with  &  mixture  of  gta 
ftuil  nitrogen  whb  1240°,  wheo  the  proportions  were  I  of  eaa  to 
Ij  uf  N,  and  with  onrbon  dioxide,  1190°,  the  proportions  beitiv  as 
I  to  4.  A  stearin  caudle  lianie  had  a  tempcTature  of  0-40  ,  a 
Locatelli  lamp  of  920°,  a  petroleum  lamp  without  a  chimney  920*, 
tu  the  luminous  aud  T80  in  the  smoky  portion,  with  a  uhininey 
1030°,  an  alcohol  lamp  1170  with  aloohol  of  '912  8p.  gr.  and 
11 80°  with  alcohol  of  O'f  22.  Hence  the  correotueaa  of  dilutiug 
aloohot  for  burning. — Her.  Beri.  Chew.  Get.,  xi,  809,  April,  1878, 

i;.  F.  B. 

4,  On  the  Production  of  Ozone,  Mydroyen  peroxide  and  Per- 
titlphuric  acid  by  Electrolysis. — The  inferior  volume  of  oxygen 
gan  set  free  iu  the  eleotrolyais  of  water  aoidulaitd  with  sulphuric 
acid,  at  first  observed  byl-aradny,  has  been  noticed  by  all  physic- 
ists who  have  used  the  voltameter.  BEKmELor  has  undertaken 
to  measure  this  loss  and  to  determine  its  cause.  That  it  is  not 
due  to  the  production  of  hydrogen  dioxide  by  the  electrolytic 
ozone  acting  on  the  water,  is  shown  by  the  fact  that  water  and 
osone  do  not  combine  together  directly.  Nor  does  the  hypothesis 
that  the  oxygen  splits  into  ozone  and  antozoue  during  electrolysis 
fit  the  case,  since  the  relallon  of  the  active  oxygen  exiating  as  gas 
IB  to  that  existing  in  the  liqnid,  ao  araall,  only  a  twentieth  part. 
in  one  of  Berthelot's  experiments,  there  was  2-2  mgrma.  active 
oxygen  in  the  gas  collected  aud  44  mgrms.  in  the  liquid.  More- 
over, Meiiiingcr  lias  sliown  that  when  the  Bulphuric  acid  used 
had  a  density  of  1'4,  the  amount  of  oxygen  collected  may  fall  to 
two-thirds  of  its  theoretical  value.  Iu  Berthelot's  experiment, 
12'2  c.  c.  hydrogeo  was  collected  in  ten  minutes,  but  only  3-6  c.  c. 
of  oxygen  instead  of  614.  iSince  the  oxidizing  body  found  io 
the  solution  occuim  only  when  thin  is  acidulated  with  sulphuric 
acid,  Berthelot  concludes  that  it  is  really  persulphuric  acid ;  a 
view  which  its  reactions  confirm.  Further,  oxygen  is  gradnally 
disengaged  from  the  liquid,  I'eaching  in  the  course  of  a  kw  hours, 
the  theoretical  quantity  and  even  surpassing  it.  The  bearing  of 
these  facts  upon  the  use  of  sulphuric  acid  in  a  voltameter,  is  evi- 
dent.—.ChH.  Soc.  Vh.,  II,  xxix,  348,  Apr,  1878.  G.  F.  B. 

5,  On  the  I'olyiodidet. — Johnsox,  who  in  1876  discovered 
potassium  triiodide,  ordinarily  represented  as  KI,,  has  experi- 
mented to  ascertain  whether  the  more  probable  formula  is  not 
Kjl,  analogous  to  Hglj,  and  whether  one  of  the  potassium  atoms 
cannot  be  replaced  by  a  univalent  metal,  or  two  atoms  in  two 
molecules  K^I^  by  a  bivalent  one.  Silver  iodide,  potassium 
iodide  and  Iree  iodine  were  dissolved  in  the  proportion  to  form 
AgKjI,-.  On  slow  evaporation,  potassium  silver  iodide  first 
separated  in  crystals,  next  crystals  of  potassium  triiodide  and 
lastly  crystals  having  the  formula  AgKjI,  j,  KI.  Un  repeating 
the  preparation,  using  the  proportions  of  this  I'ormula,  only  tbese 
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crystals  separated,  having  five  molecules  crystal  water.  The 
attempt  to  produce  a  thallium  compound  like  the  silver  one  was 
DOt  successnil.  With  lead  by  adding  to  a  hot  saturated  solution 
of  sugar  of  lead  in  boiling  alcohol,  a  strong  alcoholic  solution  of 
potassium  triiodide,  the  liquid  deposited  on  cooling  small  well 
formed  crystals,  square  prisms  aggregated  in  clumps,  strongly 
dichroic  and  permanent  in  the  air.  On  analysis  it  gave  the 
remarkable empincal  formula PbgC^^Hg^OggKgl,  7.  No  rational 
formula  for  it  has  yet  been  obtained. — Jour,  Ch.  Soc.^  xxxiii,  183, 
May,  1878.  G.  f.  b. 

6.  On  TSjoo  new  Cyanogen  Products^  Ponsvelion  and  Cyanone. 
— ^Thompson  has  observed  that  when  coal  gas  containing  a  large 
proportion  of  CS,  is  passed  for  some  days  through  a  solution  of 
mercuric  cyanide  in  potassium  hydrate,  a  white  precipitate  is 
formed,  which  finally  becomes  of  a  beautiful  scarlet.  To  prepare 
it  directly  mercuric  oxide  is  boiled  with  potassium  cyanide,  adding 
potassium  hydrate  in  excess,  agitating  with  CS,  and  gently  warm- 
ing. When  washed  and  dried  it  resembles  vermilion  in  color,  but 
the  tint  is  not  as  violet.  It  sublimes  to  a  jet  black  mass  on  heat- 
ing, becoming  scarlet  again  on  pulverizing  it.  It  has  the  empirical 
formula  HgS  CH,  and  is  attacked  only  by  aqua  regia  and  chlorine. 
Hydrogen  sulphide  does  not  affect  its  color.  The  author  calls  it 
ponsselion,  from  Pons  ^lii,  the  old  name  of  Newcastle-on-Tyne. 
The  white  precipitate,  which  is  at  first  produced,  when  collected, 
washed  and  dried,  is  a  gray  white  powder  which  explodes  vio- 
lently wheu  heated  to  about  400°  F.,  depositing  a  substance  like 
soot.  It  has  not  been  analyzed  but  appears  to  be  a  mixture  of 
two  bodies,  one  containing  sulphur  the  other  cyanogen.  To  the 
latter  the  author  gives  the  name  cyanone.  The  mercury  may  be 
replaced  by  copper,  forming  an  equally  explosive  body.  The  ex- 
plosions in  brass  or  copper  gas  pipes  may  be  due  to  this  copper 
compound  produced  by  the  CS,  in  the  gas. — ^er,  BerL  Cnern, 
Qes.^  xi,  517  ;  Jour,  Chem,  Soc,  xxxiii,  404,  May,  1878.  g.  p.  b. 

7.  On  the  Atomic  Weight  of  Gallium, — Lecoq  de  Boisbaudran 
has  determined,  at  least  approximately,  the  atomic  weight  of  gal- 
lium by  two  different  methods ;  i.  e.,  by  ignition  of  ammonio- 
ealliom  alum,  and  by  calcination  of  the  nitrate,  prepared  from  a 
known  weight  of  the  metal.  The  ammonio-gallium  alum  was 
prepared  with  the  metal  recently  obtained  by  the  author  in  con- 
junction with  Jungfleish.  By  repeated  crystallizations  the  last 
traces  of  zinc  and  of  copper  were  eliminated.  The  alum  was 
place<i  in  a  tared  crucible  of  platinum  and  heated  to  bright  red- 
ness, d'1044  grams  of  alum  gave  0*5885  gram  of  gallium  oxide 
G,0,  losing  nothing  on  further  heating.  From  these  data  the 
atomic  weight  is  70032.  For  preparing  the  nitrate,  a  fragment 
of  gallium  was  used  which  came  from  the  previous  quantity.  No 
foreign  bodies  could  be  detected  in  it  with  the  spectroscope.  It 
was  dissolved  in  nitric  acid  containing  a  little  hydrochloric,  evapo- 
rated, treated  with  nitric  acid,  again  evaporated,  and  finally  cal- 
cined at  bright  redness,  0*4481  gram  of  gallium  gave  0*60345  of 


oxide,  from  vhioh  deduoting  tlit  hnporttit-s  in  thtt  materials  gave 
000-24  gram  oxide  cortpspondiag  to  an  atomic  wciqiht  of  tfS'OffS. 
The  ineHD  of  tbese  two  values  is  tt9't<05.  TliU  Vitlue  is  very  near 
those  deduced  from  liie  position  of  gallium  in  the  chemical  scale. 
That  deduced  frnm  a  elassifiiiation  of  the  elemetits  based  on  iheir 
propvftieH  and  atomic  weights  is  09-82;  that  based  ou  the  wave 
Uiigihs  of  itH  linen  is  08*86 ;  and  Mendelejeff's  classification  ^ves 
it  OB.— -Cwft  8oc.  C'A.,  II,  xxix,  385,  May,  1878.  o.  P.  & 

S.  O'l  JIexo}/lene,  prvfitired  J^oin  Mannife. — Uy  addition  of 
bi'oiiiitte  to  hexylene  prepared  fi-um  mannite,  and  by  ti-eating  the 
pruduut  90  as  to  separale  hvdrogeii  bromide,  a  moimbrorahexylene 
tesults.  Hkcht  has  now  (iliserved  that  by  treating  thiasuhsiance 
with  alGohoIic  potash  in  cloaud  lubes  for  12  hours  at  IflO'-lTO",  it 
gives  up  ail  its  bromine  and  is  convened  into  hexoylene.  Oii 
adding  water  to  the  distillate  from  several  tubes,  two  portions 
separated.  The  tirst  a  yellow  liquid  which  floated  on  tht;  sur&ce, 
was  hexoylene ;  tlie  second,  which  fell  to  the  bottom  as  a  yellow 
oil  was  midecomposed  mouobromhexylene,  in  amount  about  one- 
third  of  the  quantity  used.  The  hexoyJeDB  distilled  between  60" 
and  83°,  and  is  a  colorless  mobile  liquid  of  a  penetrating  disagree- 
able odor.  It  is  optically  inactive,  has  ae|>ecific  gravity  of  O'T404 
At  0°,  does  not  sohdify  in  a  freeaing  mixture  and  has  ihe  formula 
C,H|,.  It  is  not  sittacked  by  hydrochloric  acid,  hut  is  dissolved 
by  strong  nitric  and  sulpliunc  acids.  It  does  uotreduce  ammoni- 
ilcal  copper  or  nlver  solntions.  Oxidised  with  chromic  aoid  it 
yields  acetic  and  butyric  acids.  Hence  the  author  gives  it  the 
constitulioiial  formula  ClI,— Cee;C— CH,— CH,— CH,,  The  di- 
and  tetra-hromiiU-B  »rc  describL-d.— /V^r.  BerL  Vlmn.  Gv^.,  xi, 
1060,  May,  1878.  g.  f.  b. 

9.  On  Phyloaterin.—Mj  extracting  finely  pulverized  calabar 
beans  at  ordmary  temperatures  with  petroleum  ether,  Hessr  bas 
succeeded  in  obtaining  from  them  an  oil,  possessing  their  odor  Id 
a  high  degree,  which  on  standing  became  filled  with  crystalline 
plates.  These  rec ry stall i zed  from  hot  alcohol,  are  brilliant  white 
m  color  and  contain  crystal- water.  But  from  chloroform,  ether 
or  naphtha  they  separate  anhydrous.  It  is  not  soluble  in  water 
or  alkalies,  fuses  at  132°  to  133°,  and  affords  on  analysis  the  foi^ 
mula  C,,H,/),  Hesse  <:alls  it  phytosteiin.  It  was  first  noticed 
apparently  by  Beneke  in  peas  and  erroneously  called  choleaterin. 
It  is  optically  active  and  rotates  to  the  left,  though  less  than 
cholesterin.  Assuming  that  C„H  O  is  its  correct  formula,  that  of 
cholesterin  being  C,,H,,0,  it  would  appear  to  be  the  next  higher 
homologue  of  the  latter.  The  author  suggests  that  phytosterin 
as  well  as  cholesterin  may  occur  in  the  animal  orgnnism.  The 
physiostigmin  of  Kennedy  he  regards  as  phytosterin, — Jjtebig^a 
Ann.,  cxcii,  175,  May,  1878.  a.  r.  b. 
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II.  Geology  and  Mineralogy. 

1.  On  the  Geological  results  of  the  Polar  Mepedition  under 
Admiral  Sir  George  Nares^  KH.o. ;  by  Captain  H.  W.  Fkilden, 
RA.,  F.G.S.,  aud  C.  E.  Dk  Ranck,  Esq.,  F.G.S.— The  authors 
describe  the  Laurentian  gneiss  that  occupies  so  large  a  tract  in 
Canada  as  extending  into  the  Polar  area,  and  alike  underlying 
the  older  Paleozoic  rocks  of  the  Parry  Archipelago,  the  Cretace- 
ous and  Tertiary  plant-bearing  beds  of  Disco  Island,  and  the 
Oolites  and  Lias  of  East  Greenland  and  Spitzbergen.  Newer 
than  the  Laurentian,  but  older  than  the  fossiliferous  rocks  of 
Upper  Silurian  a^e,  are  the  Cape-Rawson  beds,  forming  the  coast 
line  between  Scoresby  Bay  and  Cape  Cresswell,  in  lat.  82°40'; 
these  strata  are  unfossilit'erous  slates  and  grit  dipping  at  very 
high  angles. 

From  the  fact  that  Sir  John  Richardson  found  these  ancient 
rocks  in  the  Hudson's  Bay  territory  to  be  directly  overlain  by 
limestones,  containing  corals  of  the  tj))per  Silurian  Niagara  and 
Onondaga  group.  Sir  Roderick  Murchison  inferred  that  the  Polar 
area  was  dry  land  during  the  whole  of  the  interval  of  time  occu- 
pied by  the  deposition  of  strata  elsewhere  between  the  Lauren- 
tian aTid  the  Upper  Silurian ;  and  the  examination  by  Mr.  Salter, 
Dr.  Uaughton  and  others,  of  the  specimens  brought  from  the 
Parry  Islands  have  hitherto  been  considered  to  support  this  view. 
The  specimens  of  rocks  and  fossils,  more  than  2,000  in  number, 
brought  by  the  late  expedition  from  Grinnell  and  Hall  Lands 
have  made  known  to  us,  with  absolute  certainty,  the  occurrence 
of  Lower  Silurian  species  in  rocks  underlying  the  Upper  Silurian ; 
and  as  several  of  these  Lower  Silurian  forms  have  been  noted  from 
the  Arctic  Archipelago,  there  can  be  little  doubt  that  the  Lower 
Silurians  are  there  present  alno.  The  extensive  areas  of  dolomite 
of  a  creamy  color  discovered  by  M'Clintock  around  the  magnetic 
pole,  on  the  western  side  of  Boothia,  in  King  William's  Island, 
and  in  Prince  of  Wales  Land,  abounding  in  fossils,  described  by 
Dr.  Hau^hton,  probably  represent  the  whole  of  the  Silurian  era 
and  possibly  a  portion  of  the  Devonian. 

The  bases  of  the  Silurians  are  seen  in  North  Somerset,  and 
consist  of  finely  stratified  red  sandstone  and  slate,  resting  directly 
on  the  Laurentian  gneiss,  resembling  that  found  at  Cape  Bunny 
and  in  the  clifis  between  Whale  and  Wolstenholme  Sounds. 
Above  these  sandstones  occur  ferruginous  limestones,  with  quartz 
grains,  and  still  higher  in  the  series  the  cream-colored  limestones 
come  in.  The  Silurians  occupy  Prince  Albert  Land,  the  central 
and  western  portion  of  North  Devon,  and  the  whole  of  Cornwallis 
Island.  The  Carboniferous  Limestone  was  discovered,  rising  to  a 
height  of  2,000  feet,  on  the  extreme  north  coast  of  Grinnell  I^and, 
in  Feilden  and  Parry  Peninsulas,  and  contains  many  species  of 
fossils  in  common  with  the  rocks  of  the  same  age  in  Spitzbergen 
and  the  Pany  Archipelago,  being  probably  continuously  connected 
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with  the  limestone  of  that  area,  by  way  of  the  United  States 
range  of  mountains.  The  coal-bearing  beds  that  underlie  the 
Carboniferous  Limestones  of  ^lelville  Island  are  absent  in  Grinnell 
Land,  but  they  are  represented  by  true  marine  Devonians,  estab- 
lished in  the  Polar  area  for  the  first  time  through  the  determina- 
tion of  the  fossils  by  Mr.  Etheridge.  In  America  a  vast  area  is 
covered  by  Cretaceous  rocks.  The  lowest  division,  the  Dakota 
group,  contains  lignite  seams  and  numerous  plant-remains  indicat- 
ing a  temperate  flora ;  overlying  the  Cretaceous  series  are  various 
Tertiary  beds,  each  characterized  bv  a  special  flora,  the  oldest 
containing  sub-tropical  and  tropical  forms,  such  as  various  palms 
of  Eocene  type.  In  the  overlymg  Miocene  beds  the  character  of 
the  plants  indicates  a  more  temperate  climate,  and  many  of  the 
species  occur  in  the  Miocene  beds  of  Disco  Island,  in  West  Green- 
land, and  a  few  of  them  in  beds  associated  with  the  80-feet  coal 
seam  discovered  at  Lady  Franklin  Sound  by  the  late  expedition. 
The  warmer  Eocene  flora  is  entirely  absent  in  the  Arctic  area,  but 
the  Dakota  beds  are  represented  by  the  "  Atane  strata"  of  West 
Greenland,  in  which  the  leaves  of  dicotyledonous  plants  first 
appear.  Heneath  it,  in  Greenland,  is  an  older  series  of  Cretaceous 
plant-bearing  beds,  indicating  a  somewhat  warmer  climate,  re- 
sembling that  experienced  in  Egypt  and  the  Canary  Islands  at 
the  present  time.  In  the  later  Miocene  beds  of  Greenland,  Spits- 
bergen, and  the  newly  discovered  beds  of  Lady  Franklin  Sound, 
the  plants  belong  to  climatal  conditions  tMO°  warmer  than  at 
present,  the  most  northern  localities  marking  the  coldest  condi- 
tion«.  The  common  iir  (I^lnns  abies)  was  iliscoverod  in  the  Grin- 
nell Land  Miocene,  as  well  as  the  birch,  poplar  and  other  trees, 
which  doubtless  extended  across  the  polar  area  to  Spitzbergeii, 
where  they  also  occur. 

At  the  present  time  the  coasts  of  Griniiell  Land  and  Greenland 
are  steadily  rising  irom  the  sea,  beds  of  glacio-marine  origin,  with 
shells  of  the  same  species  as  are  now  living  in  Kennedy  Channel, 
extending  up  the  hillsides  and  valley  sIojk's  to  a  heisxht  of  1,()00 
feet,  an<l  reaching  a  thickness  of  from  200  to  ;iOO  feet.  These  de- 
posits, which  have  much  in  common  with  the  '' bowlder-clays"  ot 
English  geologists,  are  formed  by  the  (le])osition  of  mud  and  sand 
carried  down  bv  summer  torrents  and  dischari^ed  into  fiords  and 
arms  of  ih(^  sea,  covered  with  stone  and  gravel-laden  floes,  which, 
melted  by  the  heated  and  turbid  waters,  j)recij>itate  their  freight 
on  the  mud  below.  As  the  land  steadilv  rises  these  mud-beds  are 
elevated  alxne  the  sea.  The  coast  is  fringed  with  the  ice-foot, 
forming  a  fiat  terrace  50  to  luo  yards  in  breadth,  stretching  from 
the  base  of  the  clifl's  to  the  sea-marofin.  The  wall  of  ice  is  not 
made  up  of  frozen  sea-water,  but  of  the  accumulated  autumn 
snowfall,  which,  drifting  to  the  beach,  is  converted  into  ice  where 
it  nu'ets  the  sc-a-wati-r  which  splashes  over  it. —  Proc.  (xcoL  Soc, 
Liuidnn^  April,  187h. 

2.  (fn  the  l*ah:o)it(tfoi/(oal  rcsf/lf.^  of  th<'  rerent  Polar  J'Jxpedi- 
tioti  under  ^Sir  George  Nares,  K.  C.B.^  F,R.^.  ;  by  Captain  H.  W. 
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FsiLDSN,  R.A.,  F.G.S.,  and  Robert  £thbkidge,  Esq.,  F.R.S., 
F.G.S. — In  this  communication  the  authors  brought  before  the 
Society  the  paleontological  results  and  details  of  the  collection 
made  by  the  naturalists  and  other  officers  of  the  late  expedition 
to  the  Arctic  Circle  under  Admiral  Sir  G.  Nares.  The  purpose 
of  the  paper  was  to  record  the  presence  of  Silurian  and  Carbonif- 
erous fossils  in  the  highest  latitude  yet  reached,  82°  45'  N.  Of 
the  former  group  60  species  have  been  determined,  ranging  from 
the  Lower  to  the  Upper  Silurian,  both  Llandeil(»  and  Wenlock 
types  being  present  and  numerous,  notably  in  the  class  Heteropoda, 
two  species  of  the  genus  Madnrea  and  BeUerophon^  with  iStropho- 
dofita  and  RapkUtoma^  <&c.,  also  the  genus  Receptaculites.  Upper 
Silurian  species  of  Actinozoa  belonging  to  Halysites,  Favositea^ 
JSelioliteSy  FavisteUa^  ZaphrerUiSj  Amplexus^  Cyathophyllumy  and 
Arctchfiophyllum  were  noticed,  and  correlated  with  British  forms 
when  possible ;  but,  on  the  whole,  the  facies  of  the  Ccelenterata 
is  Ameiican  rather  than  European.  Among  the  Crustacea  five 
genera  were  noticed — JirontetiSy  Calymene,  JEncrinwruSy  and 
Jhro^UuSy  all  Upper  Silurian ;  and  the  genus  Asaphua^  associated 
with  Maclurea,  of  Lower  Silurian  age.  Ten  species  of  Braehiopo- 
da  belonging  to  the  genera  Pentamerua^  Rhynchonella^  Chonetes^ 
AtrypOy  Strophomena  have  been  determined. 

Collections  were  made  from  twenty  localities,  ranging  from  lat. 
79°  34'  to  82''  40'  N.,  notably  the  highest  at  Cape  Joseph  Henry, 
where  Captain  Feilden  obtained  a  numerous  Carboniferous-lime- 
stone fauna,  numbering  about  thirty  species,  chiefly  Brachiopoda 
and  Polyzoa,  all  determined  species,  and  American  in  character 
rather  than  British.  Mr.  Etheridge  believed  he  had  determined, 
through  certain  forms  of  Brachiopoda,  the  presence  in  a  ravine  at 
Dana  Bay  of  the  Devonian  rock  below  the  Carboniferous  Lime- 
stone south  of  Cape  Joseph  Henry  and  Feilden  Isthmus,  the  want 
of  plant-remains  preventing  any  correlation  with  the  Ursa  stage 
of  Heer.  It  cannot  now  be  doubted  that  an  extensive  Silurian 
fauna  extends  to,  and  is  present,  from  lat.  79°  to  lat.  82"  N.,  illus- 
trating both  the  lower  and  upper  divisions  of  this  group  of  rocks, 
especially  the  equivalents  of  our  Wenlock  series.  Again,  north 
of  these  there  sets  in  a  clearly  defined  Carboniferous-limestone 
fauna,  reaching  the  extremity  of  the  highest  latitude  we  know, 
and  probably  striking  away  beneath  the  Jrolar  sea  to  Spitzbergen, 
where  the  same  species  have  been  described  by  Toula.  The 
authors,  through  certain  fossils,  then  endeavored  to  show  that  on 
the  whole  the  facies  of  the  Polar  Paleozoic  fauna  was  more  nearly 
allied  to  that  of  America  than  to  that  of  Europe,  and  thus  must 
be  correlated  with  it,  although  it  was  shown  that  a  large  number 
of  species  are  common  to  the  two  areas,  especially  the  Bntish 
Islands.  The  absence  of  Lamellibranchiata  in  rocks  older  than 
the  Tertiary  was  noticed  as  having  special  interest  in  the  physical 
history  of  the  Polar  seas  in  Paleozoic  and  Mesozoic  times.  None 
have  ever  been  detected  in  these  rocks.  The  authors  stated  that 
they  had  sought  also  for  evidence  of  Trias  and  Permian  fossils  in 


s  Rnrl  Other  ooUectioDs  mndi',  Iml,  tfat-re  apwai-eil  to  be  d<id«. 
TFiev  also  (liiCUBxeil  the  qiic-i-tion  of  tht-  licpomtioii  and  oxtrasion 
of  tlie  Lins  hb  rfjircaciiled  at,  KgliutoM  iMiiinil  uiid  Spitzbergen. 

S.  Geoliiffii-id  finrtitj/ of  Pnnrnyhonia.  Itepurt  of  Prvgnw  in 
the  Beaetr  Rttier  Oitlnet  if  the  Jiitwninout  Coal-jield*  of  Wett- 
fT'i  Peniinylvania,  by  I.  C.  WHrrg.  388  pp.,  8vo.  Marrisbui^, 
tSTC. — Thu  bituminous  (^oul-fitMs  of  thu  district  here  reported 
upon  arc  carefully  dvccrib^-d,  ihdr  uoaUbcdfi,  airatitioatioD,  fire- 
clays. oil-saiidB  and  oil-wells,  and  other  points  of  ^^eolugicnl 
interi'st,  and  illustrated  by  three  geological  maps  of  parts  of 
Beaver,  Butler  and  Alleeheny  Counties,  and  twenty-one  plates  of 
Vertical  sections.  Mr.  White  also  describes  the  aurfaoe  fealnrcs 
of  the  region,  including  the  river  valleys,  the  drift,  and  the  height 
and  constitution  of  the  terraces.  Along  the  Ohio  and  Big  Heaver 
the  terraces  are  continuous  itnd  have  the  following  heights  abore 
the  river:  Ist  (lowest  being  the  present  flood-plain  of  the  river) 
30  to  40  feet;  2d,  ttO  to  m;  3d,  12U  to  130;  4th.  200  to  220;  Stii, 
280  In  AOO  feet.  The  2d  and  3d  are  wide  and  consist  in  part  of 
Coarse  gravel  and  cobble  atones.  The  4th,  on  the  Big  Beaver, 
'ins  at  top  a  deposit  of  yellowish  white  anctuous  clay.  The  Hfth 
B  seen  a  few  miles  below  Pittsburgh,  and  is  gravelly  near  it«  topu 

At  New  Brighlon,  the  terraces  have  the  following  heights 
•  above  the  Big  Beaver:  Ist,  -lO  feet;  2d,  80;  .^d,  1S5;  4th,  21S 
I  feet.  The  3d  ia  a  masa  of  rounded  stones,  and  bo  alao  the  Sd. 
The  4th  extends  np  the  Heaver  for  a  long  distance  and  is  covered 
thnm^honi  with  the  crcamv  cluy  seen  nt  New  Brighton.  The 
cliiy  yielded  on  amilysis  by  Profeei-or  Wiith,  Silica  .'ir34,  alumina 
3350,  iron  oxide  078,  magnesia  0*70,  lime  1-86,  albaliea  1-11, 
wiiter  9'80.  The  clay  is  stated  to  be  evidently  a  lake  deposit, 
and  probably  marks  the  limit  to  which  the  valleys  of  the  Beaver 
and  Ohio  were  filled  with  silt  during  the  Chaniplain  Period. 

Under  the  head  of  buried  river  o/ianneia,  Mr.  White  observes 
that  the  bed  of  bowlders  imd  detritus  over  which  the  Ohio  flows 
below  the  mouth  of  the  Big  Beaver  has  a  great  depth ;  that  the 
Ohio  must  once  have  flowed  certainly  100  feet  below  its  present 
level,  and  possibly  over  200  feet  He  shows  that  the  Beaver 
Creek  for  several  miles  above  its  mouth  does  not  flow  in  iti)  old 
channel ;  and  that  this  old  channel  was  more  than  100  feet  deeper 
than  its  present  bed,  an  iron  rod  having  been  driven  down  to  this 
depth  without  reaching  rock  ;  and  probably  it  is  200  feet  below, 
since,  as  stated  by  Dr.  Newberry,  the  oil-wells  bored  at  the  junc- 
tion of  the  Mahoning  and  Shenaugo,  found  no  rock  for  150  feet 
below  their  present  beds. 

The  volume  commences  with  a  Preface  of  much  interest  by 
Professor  Lesley,  the  director  of  the  unrvey — the  chapter  to 
which  he  alludes  in  his  communication  published  on  page  68  of 
this  volume.  It  coniains  also  a  description,  by  Lesquereux,  of  a 
fungus  tbund  on  a  Siffilturia  in  a  bed  oi  canuel  coal,  in  Beaver 
County,  Pennsylvania;  he  names  it  Jihizomorpha  Siyillaria. 
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4.  Eruptive  copper-hearing  rocks  of  Lake  Snperior. — Mr. 
Raphael  Pumpelly  has  an  elaborate  memoir  in  volume  xiii  of 
the  Proceedings  of  the  American  Academy  of  Boston,  on  **  the 
metasomatic  development  of  the  copper-bearing  rocks  of  Lake 
Superior."  These  rocks  are  described  as  heavy  (sp.  gr.  2 '8-8  05), 
dark  brownish  black,  augitic  rocks,  without  hornblende  in  any  of 
the  varieties,  but  often  chrysolitic.  The  triclinic  feldspar  is  for 
the  most  part  labradoriie  or  auoithite,  so  that  the  chemical  com- 
position is  to  this  extent  essentially  that  of  doleryte  or  a  diabase, 
or  a  chrysolitic  variety  of  these  basic  rocks.  They  are  generally 
more  or  less  altered  and  consequently  chloritic ;  and  they  are  fre- 
quently amygdaloidal — a  very  common  fact  with  altered  or 
chloritic  eruptive  rocks.  Titanic  iron  or  magnetite  and  apatite 
are  also  among  the  constituents. 

Mr.  Pumpelly  has  sought  to  determine  with  the  aid  of  the 
microscope  and  by  optical  methods,  the  order  of  succession  in  the 

I)roduction  of  the  constituent  minerals  of  the  rocks,  and  particu- 
arly  of  the  minerals  made  through  the  alteration  of  the  original 
minerals.  In  this  study  he  has  worked  with  great  care,  and  has 
reached  many  interesting  results.  Not  only  have  several  varieties 
of  the  eruptive  rocks  been  investigated  microscopically,  but  also 
the  condition  of  the  rock  in  the  vicinity  of  veins  and  cavities ;  the 
relations  oi  each  result  of  alterations,  through  vai-ious  stages,  to 
the  mineral  from  which  it  sprung  and  the  further  successive 
changes  that  have  taken  place;  and  thereby  he  has  illustrated  in 
dilferent  ways  the  subjects  of  pseudomorphism  as  well  as  the 
paragenetic  relations  of  the  minerals.  Among  pseudomorphs 
after  the  feldspar  of  the  rock  he  finds  besides  those  of  chlonte, 
alf>o  others  of  prehnite,  analcite,  quartz  and  calcite.  lie  mentions 
also,  the  occurrence  of  orthoclase,  epidote,  chlorite,  quartz  and 
calcite  as  pseudomorphs  after  prehnite.  Among  the  results  of 
alteration  of  augite,  there  are  besides  chlorite  of  two  or  more 
kinds,  hematite,  magnetite,  calcite,  quartz,  native  co])per;  and 
among  those  of  chrysolite,  hydrous  iron  oxide,  a  green  serpentine- 
like mineral,  and  hematite. 

The  following  are  some  of  the  cases  mentioned  of  the  order  of 
succession  in  the  products  of  alteration  of  the  feldspar : 

(I.)  Prehnite,  chlorite,  orthoclase,  epidote,  quartz. 

(2.)  Prehnite,  chlorite,  epidote,  quartz,  native  copper. 

(3.)  Prehnite,  epidote,  calcite,  quartz. 

(4.)  Prehnite,  chlorite,  orthoclase — orthoclase  being  a  product 
afker  prehnite. 

In  the  filling  of  amygdaloidal  cavities  there  have  been  formed 
in  succession,  as  pseudomorphs  after  prehnite,  chlorite,  calcite, 
green-eaith  ;  in  other  cases,  epidote  and  calcite. 

Mr.  Pumpelly's  memoir  is  without  plates.  But  his  clear 
descriptions  make  them  almost  unnecessary  to  one  who  is  at 
all  familiar  with  the  illustrations  in  the  more  recent  w  orks  on 
lithology. 
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The  name  adopted  by  Mr.  Pumpelly  for  the  principal  part  of  the 
eruptive  rocks  is  melaphyre — as  defined  in  the  recent  work  on 
lithology  of  Rosenbusch.  The  name  has  had  almost  as  many  uses 
as  thnre  are  writers  that  have  used  it,  and  it  would  be  better 
if  it  were  banished  alloffcther  from  science.  By  optical  means, 
the  occurrence  of  oligoclase  and  albite,  as  constituents  of  some 
varieties  of  the  "melaphyre"  is  inferred,  and  also  the  presence  of 
some  orthoclase.  But  this  application  of  DesCloizeaux*s  method 
of  distinguishing  the  feldspars  to  the  examination  of  thin  slices 
of  such  rocks  is  acknowledged  by  the  author  to  give  doubtful 
results;  in  fact,  it  is  of  almost  no  value.  The  memoir  makes 
little  use  of  chemistry  in  the  determination  of  the  constituent 
minerals. 

6.  Discovery  of  Rock  Salt  at  Wyoming  in  Western  JVeto  York. 
— In  a  communication  from  Mr.  James  Macfarlan  to  the 
Syracuse  Journal^  on  the  29th  of  last  June,  the  very  important 
discovery  is  announced  of  a  bed  of  rock  salt  in  the  Ononda^ 
salt  irroup,  New  York,  (middle  of  the  Upper  Silurian).  The 
locality  is  thirty-seven  miles  south  of  Rochester,  on  the  Rochester 
and  State-line  Railroad.  The  boring  passed  first  through  660 
feet  of  shales  of  the  Genesee,  Hamilton  and  Marcellus  groups; 
then  110  feet  of  hard  rock,  reported  as  sandstone  or  limestone; 
then  80  feet  of  hard  limestone,  when  salt  water  appeared ;  below 
this,  380  feet  of  "  hard  and  soft  rock,  limestone  and  shale  "  belong- 
in  c:  to  the  Corniferous  limestone  of  the  Upper  Helderberg  and  the 
Water-linio,  and  to  the  limestones  and  shales  of  the  uj)per  part  of 
tlie  Onondaga  salt  ixroup ;  next,  1,240  iVet  down,  a  layer  of  soft 
shales  20  or  80  feet  thick  was  ])assed  through,  and  then,  at  a 
depth  of  1,270  fret,  the  be<l  of  rock  salt  was  struck.  It  had  a 
thickness  oi  70  feet ;  of  this,  40  or  50  feet  consisted  of  ])nre  salt, 
and  the  rest  was  more  or  less  mixed  with  earth;  but  whether  the 
earthy  impurities  were  owing  to  the  existence  of  layers  of  shale, 
or  to  fragments  of  rock  carried  in  by  the  boring  is  not  ascertained. 
The  boring  was  continued  to  a  depth  of  1,580  feet,  through  adja- 
cent red  sjiales  and  red  sandstones  of  the  salt  grou|>,  and  the 
Niagara  limestone  was  reached  at  J, 502  feet.  Dr.  Kngelhardt, 
the  chemist  of  tlie  Syracuse  salt  companies,  lias  visited  Wyoming 
an<l  taken  s])ecimens  of  the  rock  salt  for  analysis.  It  is  now  pro- 
p(jsc<l  to  bore  on  the  sontii  side  of  the  Syracuse  valley,  since  there 
is  a  ])rospect  of  striking  the  same  bed  ;  it  would  be  necessary  to 
cairv  the  l)orinLr  «lown  onlv  a  few  hundred  feet  to  settle  the  ques- 
tion.  Success  would  substitute  a  mine  of  rock  salt  of  indetinite 
extent  for  weak  brines. 

0.  ])ii^rrlpti(iH  of  the  Wil cox  Spout 'my  M^dter-WeJl :  by  Chas. 
A.  Asiiiu'KNEi;,  M.S.,  Assistant  <^eol.  Survey,  Penn. — The  Wilcox 
Spouting  Wat ei- Well  for  the  last  niiu'  months  has  attracted  con- 
siderable attention,  fr»)m  the  immense  columns  of  water  and  gas 
which  are  }»eriodically  (every  seven  minutes)  thrown  np  into  air 
to  a  hei'jht  ot  from  .^5  to  115  feet.  The  well  is  located  in  the 
valley  of  West  Clarion  Creek,  just  north  of  the  southern  boundary 
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of  McKean  County,  Pennsylvania,  and  five  miles  north  of  Wilcox, 
a  station  on  the  Philadelphia  and  Erie  Railroad  104  miles  east  of 
the  City  of  Erie. 

The  history  of  the  well  may  be  briefly  stated  as  follows : 

The  Wilcox  Well  No.  1,  or  the  old  Adams  Well,  was  drilled  in 
1864  (?)  to  a  depth  of  1618  feet  and  afterward  continued  to  a 
depth  of  1,785  feet,*  where  the  tools  which  still  remain  in  the 
hole,  were  lost. 

The  elevation  of  the  top  of  the  conductor  above  the  railroad 
bridge  at  Wilcox  is  120  feet  or  1,629  feet  above  the  mean  level 
of  the  Atlantic  Ocean.f 

The  well  was  drilled  "  wot,"  that  is,  no  effort  was  made  to  keep 
the  water  encountered  in  the  upper  part  of  the  hole  from  following 
the  drilL  Great  difficulty  was  experienced  in  drilling  on  account 
of  a  heavy  water  vein  which  was  struck  at  60  feet  depth.  This 
was  more  paiticulnrly  the  case  after  the  gas  veins  at  1200  and  1600 
feet  respectively  were  met.  The  water  would  flow  into  the  hole  on 
top  of  the  gas  which  it  would  confine  until  the  pressure  of  the 
latter  become  so  great  that  a  huge  column  of  the  water  would  be 
thrown  out  of  the  hole  to  the  annoyance  of  the  drillers.  This 
occurred  periodically. 

After  tne  tools  were  lost  the  upper  400  feet  of  the  well  was 
cased  with  a  four  inch  casing  having  a  water  packer  or  seed  bag 
attached  to  its  lower  end,  effectually  excluding  the  water  and 
rendering  the  hole  practically  dry.  J 

The  well  was  then  tubed  and  it  is  reported  that  as  much  as 
100  ban-els  of  oil  were  pumped  and  shipped  to  market;  but  on 
account  of  the  great  expense  of  procuring  the  petroleum,  the  hole 
was  finally  abandoned  and  the  gas  allowed  free  escape  into  the 
open  air.  The  gas  was  afterward  fired  and  the  derrick  burned. 
Tliree  or  four  years  ago  a  wooden  plug  was  inserted  into  the 
casing,  which  only  permitted  a  partial  escape  of  the  gas. 

About  the  beginning  of  the  year  1 876,  when  Well  No.  2  was 
started  900  feet  distant,  a  pipe  connection  was  made  with  Well  No. 
1,  and  the  gas  used  as  fuel  in  drilling  Well  No.  2.  The  surplus  gas 
was  conveyed  through  a  U-shaped  tube  and  discharged  over  a 
water  tank,  the  water  being  splashed  by  the  gas  over  the  orifice 
of  the  pipe.  The  pressure  of  the  gas  being  thus  suddenly  relieved 
a  ring  of  ice  an  inch  thick  was  formed,  which  remained  under  the 
warmest  sun.  The  ice  in  this  case  was  produced  naturally  on  the 
same  principle  that  governs  the  operation  of  the  Kirk  freezing 
machine. 

From  the  time  the  gas  was  first  struck  by  the  drill  up  to  the 
latter  part  of  1876,  it  seemed  to  have,  according  to  Mr.  Schultz,  a 
constant  fl«>w,  but  as  no  measurement  was  made  of  its  pressure  it 
is  probable  that  it  gradually  diminished. 

♦  Authority,  Mr.  M.  M.  Schultz,  of  WQcox. 

f  The  elevation  of  Wiloox  being  1,509  feet  according  to  railroad  levels  made 
subsequent  to  1862. 

X  For  a  complete  record  of  the  Well,  see  a  paper  by  Prof.  Lesley,  in  the  Pro- 
ceedings of  the  American  Philosophical  Society,  vol.  z,  page  238 ;  also  one  in 
the  Petroleum  Monthly  of  a  later  date. 


A  lillle  oi!  being  found  in  Woll  No,  2,  ati  inch  pipe  was  ineprted 
at  the  depth  of  2,000  ft-et  (the  well  being  2,00*  nei'p),  an*!  it  was 
propnccd  to  utiliEe  the  pressure  of  the  gaa  to  force  the  oil  oat  of 
the  lubing.     The  resietanee  ofcred  to  tlie  flow  of  the  gns  was  so 

freiit  that  nfter  a  few  hours  the  eriB  eeased  to  flow  entiR'Iy  from 
olh  wells,  Nos.  1  and  2.  After  thirty-six  hours  of  inaetivity  it 
commenced  flowing  again  with  greater  energy.  In  the  early  part 
of  .Iiiuanry,  18TT,  the  pressure  of  the  gas  soeniei]  to  inorenee  eod- 
denlj" ;  but  not  finding  a  free  pMBage  from  Well  \o.  I,  on  account 
»f  the  wofiden  plug  which  had  been  inserted  int-o  the  easing  and 
which  the  gaa  was  unable  to  blow  outj  the  eaeiiiff  wo?  broken  st  a 
depth  of  176  feet,  and  the  upper  poition  lifted  oodily  out  of  the 
well.  As  80OU  fl8  this  oecnrred  the  conditions  which  had  exieted 
dunnij;  the  process  of  dnlliug  were  restored,  and  a  column  of 
■water  was  thrown  out  of  the  hole  every  eight  minutes  to  a  height 
of  from  80  to  90  feet,  and  Insting  from  thwe  to  five  niinntex. 
This  continued  until  about  the  middle  of  May,  when  the  ^  from 
both  well*  ceased  to  flow  without  nny  obstruction  having  bevn 
knowingly  placed  in  its  way. 

tin  the  Hth  of  July,  nt  1  a,  m.,  the  gas  made  its  appearance 
again  and  began  to  throw  the  water  with  givat  enei^y  to  a  height 
ranging  from  P5  to  115  feet;  also  with  a  smaller  column  from 
three  to  eight  feet  high  in  the  intervals  between  the  larger  ones; 
the  iibenomenon  recurrins  every  seven  minutes. 

During  the  time  that  lb«  water  oolumna  are  thrown  out  of  tbe 
well  the  gaa  in  thoroughly  raited  up  with  the  water  and  is  rpadiiy 
ignited.  The  fi^'hl  during  the  flow  of  the  larger  column  is  grind, 
n:irtit'ularly  at  night.  The  water  and  fire  are  so  promiscuous! v 
blended  that  the  two  elements  seem  to  be  fighting  for  the  mas- 
tery. 

On  July  19th,  I  closely  watched  the  well  for  two  hours,  from 
1.19  to  3.22  p.  M.,  and  carefiilly  recorded  the  lime  of  each  change 
in  the  condition  of  the  water  and  gas  as  they  spouted  from  it, 
noting  the  numi>er  of  pulsations  in  the  larger  column,  and  deter- 
mining its  maximum  height  by  triangulatioii. 

By  an  inspection  of  the  intervals  between  the  recurring  pheno- 
mena, it  is  at  once  seen  that  there  is  a  marked  regularity  in  the 
action  of  the  well ;  in  fact,  the  slight  irregularities  observed  may 
in  a  measure  be  attribiited  to  the  personal  equation  of  the  ob- 
server. In  the  time  included  from  10.3J*  a.  m.  to  3.15|  p.  m.,  there 
were  counted  :i9  of  the  larger  water  columns,  making  the  average 
time  between  the  commencement  of  each  column  6  minutes  aud 
5S  seconds. 

Occupying  every  consecutive  7  ±  minutes  we  have  the  follow- 
ing sequence  of  events. 

The  water  from  the  "  water  vein"  at  the  depth  of  60  feet,  and 
from  the  pool  surrounding  the  top  of  the  conductor  flows  into  the 
well  for  5A  seconds,  during  which  time  no  gae  is  delected  issaing 
from  the  hole.  At  the  end  of  this  time  ihe  water  from  the  pool 
ceases  to  run  in,  and  the  gas  rises  bubble  by  bubble  for  5  si-eonds. 
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A  colamn  of  water  and  gas  now  commences  rising,  makes  6  pnlsa* 
tions,  attains  a  maximum  height  of  1 15  feet  in  40  seconds,  and 
vanishes  in  one  minute.  The  water  from  the  pool  and  water  vein 
immediately  flows  into  the  well  for  the  second  time,  continuing 
for  1  minute  and  30  seconds,  during  which  time  no  gas  flows  out. 
At  the  end  of  this  time  the  gas  rises  bubble  by  bubble  for  40 
seconds,  when  the  smaller  column  of  water  and  gas  rises,  attain- 
ing a  maximum  height  of  5  feet  in  1 0  seconds  and  vanishes  in  1 
minute  and  10  seconds.  The  &^as  still  continues  to  rise  but  no 
water  flows  into  the  well  from  tlie  pool  for  86  seconds,  when  the 
same  series  of  phenomena  repeat  themselves.     Such  are  the  facts. 

The  explanation  of  the  action  may  be  readily  imagined.  The 
pressure  of  the  gas  having  relieved  itself  in  throwing  out  of  the 
well  the  larger  column,  the  water  flows  into  the  hole  until  the 
pressure  of  the  c^ns  becomes  so  great  again  that  instead  of  rising 
up  in  small  bubbles  through  the  water  it  rushes  out  of  the  well, 
throwing  the  water  at  the  same  time  to  a  height  of  from  3  to  8 
feet.  After  the  column  has  vanished  the  gas  continues  to  rise  in 
great  quantities,  keeping  the  water  iiom  flowing  in  irom  the  pool, 
until  the  pressure  is  exhausted.  The  water  now  flows  into  the 
well  till  the  pressure  of  the  gas  in  its  reservoir  has  increased  to 
such  an  extent  that  it  thrusts  out  of  the  hole  the  larger  column  of 
water  to  a  height  of  from  86  to  115  feet. 

The  smaller  column  of  water  is  probably  produced  by  the  gas 
coming  from  the  smaller  vein  at  1200  feet  depth,  while  the  larger 
column  is  thrown  up  by  the  gas  coming  from  the  greater  vein  at 
a  depth  of  1600  feet.  But,  of  course,  neither  the  one  nor  the 
other  column  is  produced  by  either  of  the  gas  veins  exclusively, 
for  the  gas  must  be  flowing  from  both  horizons  more  or  less  all 
the  time.  It  will  be  noticed  that  more  water  flows  into  the  hole 
directly  afler  the  larger  column  has  been  thrown  up,  and  that  the 
smaller  column  throws  up  less  water,  and  vice  versa. 

It  was  not  possible  to  obtain  the  pressure  or  amount  of  gas 
coming  from  the  well.  The  estimated  pressure  at  the  time  that  175 
feet  of  casing  was  blown  from  the  well  was  about  250  pounds  to 
the  square  inch.  It  is  possible  that  the  accumulated  pressure  at 
the  time  that  the  larger  water  columns  are  thrown  up  may  be  as 
high  as  260  pounds ;  but  the  constant  pressure  of  the  gas  if  unob- 
structed by  the  water  would  probably  not  be  more  than  60 
pounds. 

The  action  of  the  Wilcox  well  is  nothing  novel,  but  the  observa- 
tions are  interesting  and  valuable  from  the  fact  that  a  complete 
record  and  history  of  the  well  have  been  preserved,  and  the 
accompanying  facts  add  much  to  what  has  been  recorded  of 
similar  wells. 

7.  Superficial  Geology  of  British  Columbia. — Mr.  Gkorge  M. 
Dawson  has  an  interesting  paper  on  this  subject  in  the  Quarterly 
Journal  of  the  Geological  Society  for  February,  1«78.  He  speaks 
of  Bute  Inlet,  one  of  the  fiords,  as  a  chasm  40  miles  long,  running 
into  the  center  of  the  Coast  Range,  and  surrounded  by  mountains, 
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which  in  some  places  rise  from  its  border  in  cliffs  and  rooky  elopes 
to  a  height  of  six  to  eight  thousand  feet.  The  islands  about  its 
mouth  are  rochea  moutonnees,  polished  and  grooved ;  and  one  of 
them,  a  steep  mountain  3,013  feet  high,  is  smoothed  to  the  sum- 
mit on  the  north  side,  while  rough  to  the  south.  The  striation  of 
the  Bute  inlet  region  is  S.  22^  E.,  or  in  the  direction  of  the  valley. 
The  glaciation  over  southeastern  Vancouver  Island  is  attributed 
to  a  great  glacier  which  swept  over  it  from  north  to  south,  a  gla- 
cier that  tilled  the  Strait  of  Georijia,  with  a  breadth  in  some 
places  of  more  than  60  miles.  The  fiords  of  the  northern  part  of 
the  Strait  of  Georgia,  and  to  the  north,  show  ice-action  to  a  height 
exceeding  3,000  feet.  In  the  interior,  scratches  were  observed  on 
the  isolated  Tsa-whuz  Mountain  (lat.  53°  40'),  3,240  feet  above  the 
sea,  whose  course  was  a  little  west  of  south.  At  another  place, 
on  the  basaltic  plateau  near  Fraser  Valley,  and  20  miles  north  of 
the  Chilcotin  River,  3,360  feet  above  the  sea,  the  direction  of  the 
scratches  was  about  north-and-south.  On  Sinter  Knoll,  north  of 
Gatcho  Lake,  near  the  southeastern  sources  of  the  Nechaco  River, 
3,550  feet  above  the  sea,  the  direction  of  the  grooving  was  about 
S.  8"  E.  South  of  the  Salmon  or  Dean  River,  at  an  altitude  of 
8,700  feet,  the  grooving  runs  S.  37°  W.  These  glacial  markings 
from  north  to  south  ai*e  attributed  by  Mr.  Dawson  to  a  glacier 
moving  southward.  Terraces  in  British  Columbia  extend  from 
the  sea-level  to  a  height  of  5,270  feet. 

8.  Oeohgical  ISurvey  of  Canada,  Report  for  1876-1877, 
Alfred  R.  C.  Selwyn,  Director.  532  pp.  8vo,  with  several 
colored  maps.  1878. — This  volume  contains  reports  by  Mr. 
Selwvn,  G.  xM.  Dawson,  J.  F.  Wiiitkaves,  James  Richardson, 
T.  Sterhy  Hunt,  Uobkkt  Bell,  Henry  G.  Vennok,  G.  F. 
Matthew,  L.  W.  Bailey  and  H.  W.  Ells,  Hugh  Flet<  eier,  S. 
H.  Sci'DDER,  B.  J.  IIarrin(;jon,  and  C.  Hoffmann. 

Gainfully  Kelectcd  graphite  from  different  localities  in  Ikicking- 
hani,  Ganada,  afforiled  Mr.  Hoffmann,  Garbon  99 '(3 75,  97  620,  ash 
0-147,  1-780,  volatile  matter  0-178,  0-594;  an<l  that  from  (Tren- 
ville,  Garbon  99-815,  99-757,  ash  0-076,  0*135,  vol.  0'109,  0-108= 
100.  Geylon  graphite  afforded  him,  Garbon  99-792,  98-817,  ash 
0-050,  0-283,  volatile  matter  ()-158,  0-900=100.  The  ash  of  the 
Gaiiadian  graphite  gave,  on  analysis,  45  to  6()  p.  c,  of  silica  8-5  to 
11  of  alumina,  iron  sesquioxide  r230-18-310,  manganese  sesqiii- 
oxide  0  to  0*5,  with  some  lime  and  magnesia,  4  to  7  per  cent  of 
potasii  and  soda  and  traces  of  copper,  nickel  and  cobalt. 

Renssehierite  has  been  found  by  Mr.  Vennor  in  the  Laurentian 
rocks  of  Portage  du  Fort.  An  analysis  by  Mr.  Harrington 
obtained  SiOj  01-33,  FeO  0-67,  MgO  31-78,  CaO  trace,  water 
(ign.)  5 "85— .99-03.  Messrs.  I>ailey  and  Ells  describe  with  detail 
the  albertite  veins  and  shales  of  Hillsboro,  New  Brunswick. 
Tiiey  remark  that  the  gypsum  beds  of  Hillsboro  have  a  thick- 
ness' of  150  feet,  and  that  much  of  the  rock  is  a  pure  white 
ahibaster.  They  are  tlie  most  extensive  and  valuable  of  the  j)las- 
ter  de})«)sits  of  New  Brunswick. 
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Tlie  coal-bearing  rocks  of  British  Columbia,  according  to  Mr. 
G.  M.  Dawson  are:  1,  Lower  Cretaceous  (or  Cretaceo-Jurassic)  on 
Queen  Charlotte  Islands,  etc.,  holding  anthracite;  2,  Cretaceous 
on  Vancouver  Island,  with  bituminous  coal ;  and  3,  Tertiary, 
affording  bituminous  coal  and  lignite.  The  anthracite  yielded,  on 
analysis  by  Dr.  Harrington,  Fixed  Carbon  86*76,  83*09,  volatile 
combustible  matter  4-77,  6*0'2,  sulphur  0*89,  1-53,  ash  6-69,  8-76= 
100.  The  Vancouver  Island  coals  afford,  on  an  average,  Fixed 
Carbon  64-05,  59*56,  vol  2819,  32*69,  ash  6*29,  water  1*47.  Trials 
under  the  direction  of  the  United  States  War  Department  showed 
that  the  ratio  of  coal  in  weight  required  to  produce  the  same  heat 
from  the  Vancouver  Island,  Bellingham  Bay,  Seattle  coal  of 
Washington  territory  and  Rocky  Mountain  coal  was  as  18 :  22 : 
24 :  26. 

The  Tertiary  coals  include  those  of  Bellingham  Bay,  and 
Seattle  on  Puget  Sound.  North  of  the  49th  parallel  they  under- 
lie nearly  1,000  square  miles  of  the  low  country  about  the  estuary 
of  the  Fraser  and  the  lower  part  of  its  valley.  These  coal  forma- 
tions cover  great  tracts  in  the  interior  of  British  Columbia ;  and 
the  basaltic  outflows  of  the  region  form  the  latest  rocks  of  the 
lignite-bearing  Tertiary.  By  a  rough  estimate  the  number  of 
square  miles  the  formation  covers  between  the  49th  and  54th 
parallels  is  not  less  than  12,000.  The  Quesnel  lignitic  beds  are 
interesting  on  account  of  the  plant  and  insect  remains  found  in 
them.  Some  of  the  insects  are  described  by  Mr.  Scudder.  Mr. 
Dawson  mentions  that  magnetic  iron  ore  constitutes  a  bed  20  to 
25  feet  thick  on  Texada  Island,  and  has  been  traced  northeast  for 
more  than  three  miles.  It  rests  against  a  bed  of  crystalline  lime- 
stone and  partly  alternates  with  it. 

9.  FomU  Fishes  from  the  Trias  of  New  Jersey  and  Connecti- 
cut.— Dr.  J.  S.  Newberry  has  described  (Annals  N.  Y.  Acad., 
voL  i,  no.  4,  1878)  the  following  Triassic  fishes:  Diplurus  longi- 
eaudiUus  Newb.,  Ptycholepis  Marskii  Newb.,  the  former  from 
Boontown,  N.  J.,  and  the  latter  from  Durham,  Conn.  As  Ptycho- 
lepis is  in  Europe  a  Liassic  genus,  its  occurrence  here,  as  Dr. 
Newberry  states,  suggests  a  query  as  to  the  age  of  the  Eastern 
American  Trias.  But  he  observes  that  other  facts  show  that  it 
doee  not  seriously  invalidate  the  evidence  that  they  are  Triassic 
though  possibly  Jurassic  in  the  upper  beds.  The  species  is  more 
heterocercal  than  the  European. 

10.  Stromatopora, — At  the  meeting  of  the  Geological  Society 

of  June  6,  1878,  a  paper  by  Dr.  Dawson  of  Montreal  was  read, 

in  which  he  explained  his  views  as  to  the  Foramineral  nature  of 

the  StromatoporidsB — species  of  which  occur  in  the  Lower  and 

Upper  Silurian  and  Devonian,  "  and  are  especially  abundant  in 

the  Trenton,  the  Niagara  and  the   Carboniferous  formations." 

Professor  Duncan  remarked,  in  the  discussion  which  followed,  that 

he  believed  that  different  forms  were  called  Stromatopora ;  that 

the  tubules  in  the  laminte  of  some  of  them  had  much  resemblance 

to  those  of  Millepora ;  that  they  showed  no  nummuline  layer,  like 
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EoEOon,  and  bo  he  doubted  the  Foraminiferal  character.  Dr. 
Murie  stated  that  Home  spooimenB  which  he  had  seen  reet-mblcd 
the  HexacttDellidas  and  he  thought  they  represented  sponges, 
though  not  exactly  Hexaclinellids, 

Mr.  H.  J.  Carter,  in  the  Annals  and  Magawne  of  Natual  History 
for  July,  states  that  he  has  fouud  the  bexactuiellid  structure  in 
the  Devonian  Siromatopora  oonoentrica.  To  observe  it,  the  ptaoe 
of  section  muat  be  "  tangential  to  the  curve  of  andalation  in  the 
layers  of  the  Stromatopora,  or  horizontal  to  its  summit."  He 
udds,  "  It  must  not  be  inferred  becaufie  I  have  considered  this 
hexnctinellid  structure  '  identioa!  in  appearance'  with  that  of  Zittel's 
order  Dictyonina"  (see  a  former  paper  in  the  Annals,  1677,  xz, 
416]  "that  eUmentarily  it  is  so;  for  in  this  consists  the  difference 
between  the  hesactenellid  structure  of  Strojnatopora  concentriea 
and  its  varieties  and  that  of  the  vitreous  sponges  with  octiikedral 
ekments  (ibid.,  xix,  pi.  9,  £  11,  12)."  "The  pores  (?  caliclea)  are  in 
the  interstices  of  tne  hexactinellid  stnicture ;  hut  I  caunol  say 
more  about  them  than  that  by  their  minuteness  in  S.  concentriea 
they  appear  to  have  belonged  to  a  llydroid  rather  than  to  an 
Actimizoic  polyp." 

11.  On(M  Section  of  the  Alp«,froni  tlie  vultey  of  Vetfro  on  t/ie 
aofith  to  that  of  the  Rhone  on  the  north  along  the  cowrie  of  the 
tunnel  of  the  tfiiwpiow  /  by  M.  Renetiki*. — The  rocks  encoun- 
tered, going  northward,  are:  (1)  gneiss  partly  granitoid,  having 

.  tndicattODS  in  its  bedding  of  a  low  anticlinal;  (2)  ooDfomuble 
**  crystalline  schists,"  inchiding  mica  schist,  which  in  partly  gar- 
neliferouB,  chloritic  or  talcose  [?  hydromica],  gneiss,  lioniblciide 
slate,  with  three  parallel  calcareous  bands ;  (3)  the  dolomitic  band 
of  Gautier;  (4)  gray  shining  schists  or  slates,  which  are  traversed 
by  numerous  veins  or  seams  of  quarts.  These  slates  have  the 
same  steep  northwest  dip  with  the  dolomitic  band  ;  hut  between 
the  dolomitic  band  and  the  crystalline  schists  there  is,  according 
to  Renevier,  a  nearly  vertical  fault.  On  the  opposite  side  of  the 
valley  of  the  Gautier  the  dip  is  reversed  or  southeast,  and  very 
steep.  Following  the  slates,  there  are  (5)  the  gypsum  and  dolo- 
mite of  the  Rhone  valley.  Kos.  1  and  2  are  regarded  as  the 
older  metamorphic  rocks,  with  probably  two  or  more  folds  io  the 
region  of  the  "  crystalline  schistB."  The  gray  shining  slates 
toward  the  north  end  of  the  tunnel  are  without  fossils,  but  are 
stated  to  be  probably  Triassic,  or  Triassic  with  Jurassic  beds 
above.  They  closely  resemble  those  of  Mt  Uenis. — Bull,  Soe. 
Vuudoise  der  Sci.  ^at.,  xv.  No.  79.     Lausanne,   1878. 

12.  Revue  de  Giologie  pour  le»  Annies  1876  and  1878  ;  by  M, 
Dei.esse  and  M.  db  Lappabbst.  xiv,  '228  pp.  Svo.  Paris,  1878. 
— This  new  volume  of  Delesse  and  DeLapparent's  Annual  Review 
of  Geology,  like  its  predecessors,  is  a  very  convenient  r^um£  of 
the  principal  memoirs  on  geological  subjects  for  the  year.  The 
following  facts  are  cited  from  it. 

The  mean  height  of  Europe. — According  to  a  recent  estimate 
from  the  heights  of  the  surface  over  Europe  by  Dr.  G.  Leipoldt 
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of  Vienna  the  mean  height  of  the  Continent  is  206*838  meterg, 
instead  of  205  meters  as  made  by  Humboldt.  The  mean  heights 
of  the  several  countries  are  also  given  in  the  "  Revue  de  Geologia*' 

Temperature  of  the  EartKs  crust. — According  to  M.  Ludovic 
Ville,  a  deep  boring  in  Algeria,  west  of  Sebkha  d'Oran,  the 
temperature  of  49^*7  C.  was  reached  at  a  depth  of  578  meters, 
malung  the  mean  increase  downward  1^  for  7*56  meters.  The 
waters  in  the  boring  are  very  saline.  In  the  Sahara,  according  to 
the  borings,  the  increase  downward  does  not  increase  regularly 
with  the  depth;  the  mean  is  a  temperature  of  24^  C.  at  a  depth  of 
60  meters.  In  Hodna,  the  temperature  is  only  22*2°  at  a  depth  of 
93 '8  meters.  The  region  is  of  much  greater  altitude  than  the 
Sahara,  and  it  is  in  higher  latitude.  The  mean  increase  at  this 
place,  according  to  M.  Ville,  was  1°  C.  for  23  meters  of  descent.  In 
the  Sahara  toward  the  latitude  of  Oued  Rhir,  the  increase  down- 
ward is  about  1°  for  17*^5  meters;  showing  a  diminution  toward 
the  south,  or  with  the  latitude. 

.Effect  of  moisture  or  dryttesa  in  rocks  on  the  facility  of 
crushing. — M.  Toumaire,  Mining  Engineer  and  M.  Michelot  have 
experimented  on  chalk,  dried  in  a  stove  {d)^  wet  (i),  and  air-dried 
{n)  and  found  that  cubes  3  decimeters  each  way,  were  crushed,  aa 
tollows: — when  stove-dried  it  was  crushed  under  80-92*5  kilo- 
gramH  (mean  86*2);  when  air-dried,  16*5  to  35  (mean  23*5);  when 
wet,  13 '9  to  26  (mean  18*6).  M.  Delesse  dives  also  the  results  of 
various  experiments  of  his  own  on  chalk  and  the  Calcaire 
GroBsier  in  which  he  used  cubes  5  centimeters  each  way.  Chalk 
of  Issy,  when  stove  dried,  was  crushed  with  36*4  kilograms;  when 
air-dned,  23*6;  when  wet,  12*9;  and  the  Calcaire  Grossier  of 
Vitry  (a)  and  St.  Denis  (5)  gave  the  numbers  (a)  76,  {b)  487;  (a) 
52*8,  {h)  31-2;  («)  26*9,  (b)  21*8.  The  results  of  various  other 
trials  with  the  Calcaire  Grossier  are  given,  all  confirming  the 
general  result  here  exhibited. 

13.  Memoir es  sur  les  Terrains  Cr&tac&s  et  Tertiares^  prepari 
par  feu  Andre  Dumont,  edites  par  Michel  Mourlon,  Conserva- 
teur  au  Musee  Royale  k  Histoire  Naturelle.  Tome  1.  Terrains 
Cretacis.  656  pp.  8vo.  Brussels,  1878. — The  late  M.  Dumont, 
the  distinguished  Belgian  geologist,  prepared  in  1849  a  geological 
map  of  Belgium.  He  died  in  1857,  hardly  forty-eight  years  old, 
leaving  his  Reports  illustrating  the  subject  in  part  still  in  manu- 
script, and  other  unfinished  work.  The  Belgian  government  has 
recently  ordered  a  new  edition  of  the  map,  and  also  the  publica- 
tion of  his  manuscripts  on  the  Tertiary  and  Cretaceous  formations. 
Of  these,  the  volume  on  the  Cretaceous  formations  has  just  been 
issued.     It  is  a  very  valuable  contribution  to  European  geology. 

14.  SigiUaria  lepidodendrifolia  Brgt.— Mr.  H.  L.  Fairghild, 
in  a  paper  published  in  the  Annals  of  the  New  York  Academy  of 
Sciences  (vol.  i,  no.  5),  gives  reasons  for  believing  that  the  SigiU 
laria  rhomboidea  (with  S.  oblUjua)^  8.  Brardii^  8.  Menardiy  8. 
Serlii^  and  8.  Defrancii  of  Brongniart  and  8.  scxdpta  of  Lesque- 
reux,  are  identical  species  with  8.  l^idodendrifolia^  and  adds  that 
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i.  J-loya  Foanilis  Helaati/h  and  Flora  Fhasilis  Arrtici  "f 
Oswald  Krei:,  Professor  of  the  Uuiversity  of  Zurich. — ITie  third 
part  of  Professor  Heer'e  Flora  FosRilis  Helvetia  has  appcareil, 
completing  it.  This  work,  which  cuiituina  TO  pintes,  is  a  supple- 
ment to  Heer's  Flora  TerCinrut  Jfelentits,  a  work  in  three  volumea 
with  ISD  plates.  The  ]>nbli8bers,  J.  \VuT«ter  Jt  Co.,  Zai-ieh,  have 
issued  also  four  volumes  of  t/is  Flora  Fostilia  Arcliea,  and  the 
flfth  is  now  in  the  pi-ess.  The  first  four  volumes  of  this  work  eon- 
tain  214  plates,  flnd  the  fifth,  4*. 

16.  Mtneratoffj/  and  Lithology  of  Xeie  Ilanrfuhtre ;  hy  George 
W.  Haweb,  Instructor  in  Mineralogy  in  the  Sheffield  Scientific 
School  of  Yale  College.  Part  IV,  of  the  third  volume  of  the 
Geology  of  New  Hampshire,  262  pp.  roy.  Svn,  with  12  platee. 
Concord,  N.  H.,  1878. — No  part  ot  the  puhlications  of  the  New 
Hampshire  Geological  Survey  has  greater  value  than  thie 
Report  by  Mr.  Hawes  on  the  mineralogy  and  lithology  of  the 
State,  "nie  author,  beeidfs  giving  descriptions  of  external  charac- 
ters and  notices  of  distribution,  and  of  economic  uses,  in  th« 
or<Unary  style,  includes  the  results  of  extended  mii:roBco]He  exau- 
Inalions  of  noth  minerals  and  rocks;  and  many  of  the  most  inle^ 
wting  points  are  illustrated  on  plates,  some  of  them  in  colors. 
The  report  is  therefore  an  important  contribution  to  tlie  science 
9f  lithology.  The  are  some  peculiarities  in  tbe  nomenoUture  of 
the  rocks;  but  these  do  not  seriously  interfere  with  the  value  of 
the  original  work.  In  aildition,  the  jiutlior  hjis  added,  in  au 
introduction  to  tbe  volumf,  full  di'triils  as  to  the  proci'ss  of  slicing 
minerals  or  rocks,  and  e.xplained  the  method  of  making  micro- 
scopic and  polariscopic  observations  on  crystals  of  the  several  sys- 
tems. Besides  this,  he  has  introduced  much  information  with  re- 
gard to  tbe  distinctions  by  the  same  means  of  the  more  common 
minei'als.  The  chromo-lithograpbic  and  other  plates  are  beauti- 
fully made  by  K  Crisand  of  New  Haven,  Ct,,  from  excellent 
drawings  by  the  author,  and  compare  well  with  the  best  of 
foreign  work  of  the  kind. 

17.  AtnericM.li  Minerals. — Strengite  in  crystals  has  been  described 
by  Prof.  G.  A,  Konig,  from  Rockbridge  Co.,  Virginia.  It  occurred 
in  cavities  in  scorodiie.  An  analysis  gave  Phosphoric  acid  39'30, 
iron  sesqnioxide  42-3,  water  19-87.  The  author  gives  a  figure  of 
one  of  the  crystals  in  his  paper  in  the  Proc.  Acad.  Nat.  Sci. 
Philadelphia,  for  1877,  p.  277. 

Niecolite  has  been  identified  by  Prof.  Konig  among  the  minerals 
of  "  Silver  Islet,"  Lake  Superior,  associated  with  galenite,  sphalerite 
and  native  silver. 

Ptotovermicttlite  is  a  vermicn lite-like  mineral  occurring  in  large 
grayish-green  folia  at  Magnet  Cove,  Arkansas,  and  so  named  by 
Prof.  Konig,  in  the  same  volume  of  Proceedings  {p.  269) :  the 
luster  is  submetallic,  and  U.  =:  2'269.  Analysis  aObrded  SiO, 
33-28,  AIO3  14-es,  FeOj  6-36,  FeO  057,  MnO  trace,  MgO  21o2, 
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TiOg  trace,  HgO  3-36,  hygroscopic  HjO  20  54  =  lOOSl,  giving 
the  quantivalent  ratio  for  R,  ft,  Si,  8*735  :  8*842  : 1 7'738  =  1:1:2. 

18.  Rocks  of  Qiiincy  south  of  Boston  ujid  JRockport,  near  Cape 
Afu),  northeast  of  Boston, — Mr.  M.  E.  Wadsworth  states  that 
the  Quiticy  syenyte  consists  chiefly  of  orthoclase,  quartz  and  horn- 
blende, and  that  the  hornblende  is  black  to  dark  green  in  color 
and  incladed  in  the  quartz ;  but  that  there  is  present  some  triclinic 
feldspar  and  also  in  some  parts  disseminated  minute  crystals  of 
danalite.  The  stone  of  the  Rockport  quarries  has  been  called  by 
most  writers  syenyte ;  but  Mr.  W  adsworth  states  that  at  least  65 
per  cent  of  it  is  micaceous  and  destitute  of  hornblende,  and  hence 
true  granite.  But  while  the  quarried  rock  is  almost  wholly 
granite,  there  is  some  syenyte.  The  two  are  so  associated  that 
"  they  are  geologically  one  and  the  same  rock."  Besides  ortho- 
clase, quartz,  and  black  mica,  the  last  (referred  to  lepidomelane 
by  Cooke),  there  are  in  some  paits  of  the  Rockport  granite,  the 
minerals  cryophyllite  and  danalite,  first  announced  by  Professor 
Cooke. 

19.  (hi  lonite,  a  new  Mineral;  by  S.  Purnell. — In  the  Plio- 
cene argillaceous  lignite  of  lone  valley,  Amador  county,  Califoiv 
nia,  a  peculiar  mineral,  more  or  less  pure,  occurs  in  thin  seams. 
The  specimen  examined  by  me  was  of  what  may  be  called  the 
best  quality.  It  is  a  firm,  earthy,  ochreous  looking  substance  of 
a  brownish-yellow  color.  As  it  comes  from  the  mine,  it  contains 
about  60  per  cent  of  water,  but  when  thoroughly  air-dried  it 
readily  floats  on  water,  its  specific  gravity  being  about  '90.  It 
rapidly  re-absorbs  water  and  sinks. 

It  bears  a  physical  resemblance  to  the  pyropissite  of  Kengott, 
found  in  the  lignite  of  Weissenfels,  and  like  it,  melts  to  a  pitch- 
like mass,  which  burns  easily,  with  the  emission  of  a  dense  black 
smoke  having  a  resinous  and  aromatic  odor,  and  with  a  yellow 
flame.  But  tnat  it  is  not  pyropissite,  or  indeed  any  mineral  here- 
tofore described,  will,  I  think,  oe  plain  from  the  examination. 

lonite  is  not  a  pure  hydrocarbon,  as  it  contains  13  per  cent  of 
impurities — principally  aluminum  silicate.  Streak,  reddish-yel- 
low ;  fracture,  irregidar ;  luster,  none.  When  pulverized,  water 
dissolves  or  suspends  a  portion  of  the  clay  in  the  mhieral.  Par- 
tially soluble  in  cold  alcohol ;  more  so  in  boiling  alcohol,  giving  a 
brown  solution.  Upon  the  addition  of  water  no  precipitate  is 
deposited,  but  the  solution  becomes  permanently  of  a  milty  color, 
which  may  be  from  the  presence  of  parafline.  Very  largely  solu- 
ble in  ether,  forming  a  brownish-black  solution.  Upon  adding 
water  a  brown,  tarry  substance  is  obtained,  which  is  very  inflanv- 
mable,  and  which,  while  burning,  gives  off  the  odor  of  burning 
sealing  wax.  Completely  soluble  in  chloroform,  except  the  clay 
or  ash,  forming  a  brownish-black  solution.  Poured  into  water  a 
brown  oil  falls  to  the  bottom.  Partially  soluble  in  cold,  more  so 
in  boiling  oil  of  turpentine,  forming  a  wine-red  solution.  Upon 
concentration  of  the  solution,  crystals  of  paraflfine  are  separated. 
Almost  entirely  insoluble   both   in  cold  and   boiling   petroleum 
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naphtha;  givee  a  nale  red  Bolalion,  In  boiling  rectified  ^^. 
leuin,  free  from  iiaphtlia  and  jjaraffine,  eligbtly  more  flolable  tl 
in  naphtha;  gives  a  pale  red  solution. 

SuDJeeled  to  dry  distillation  a  brown,  tarry  oil  pAcscs  ovi 
mixed  with  green  colored  water.  Thie  water  is  decidedly  acid 
litmas.  At  first  the  oil  has  a  specilic  gravity  lees  than  that  of 
water,  but  after  a  few  days  sinks  in  the  same.  Hiia  oil  and  water 
posBessefl  a  very  offensive  odor,  altogether  indoseribable.  The  oil 
IS  completely  soluble  in  alcohol  and  oil  of  turpentine.  Tested  for 
paraffine,  the  oil  was  proved  to  contain  it,  though  only  in  small 
quantity.  I  am  of  the  opinion  that  the  amount  does  not  exceed 
S  per  cent,  but  this  was  not  determined  accurately. 

From  the  examination  this  mineral  may  be  pronounced  an  aoid, 
hydrocarbon,  or  fossil  cerite,  more  or  iess  oxidized  and  more 
less  impregnated  with  clay.     From  its  varyiug  solubilities,  it 
probably  a  mixture  of  different  hydrocarbon  compounds. 

As  this  mineral  is  found  in  lone  valley,  I  would  propose  td 
name  it  from  the  locality,  I'mite.  To  what  industrial  uses  lonite 
may  be  applied,  has  not  yi;!  been  investigated,  and  it  is  foreign  to 
the  purpose  of  this  paper  to  inquire. — Mining  and  Scienti^c  Pfeu, 
March  a*,  1977. 

20.  CyTBtallizutiofioJ'  Silica;  I*.  Hauthfb[;illk. — If  amorphous 
silica  is  kept  in  sodium  tungstate  at  the  temperature  of  fusion  of 
silver,  silica  crystallizes  in  minute  crystalu  of  the  species  tridy- 
mite.  If  the  temperature  is  kept  long  at  1000°  C,  the  tridymit« 
is  obtained  in  thick  hexagonal  scales.  Sp  gr.  =  2'30  at  16°  C. 
Tridymite  is  Ices  permanent  than  quartz  vijien  acted  upon  by  the 
wel  or  dry  process. 

By  means  of  tungstate  of  soda,  amorphous  silica  or  tridymite 
may  he  changed  to  quartz.  At  a  temperature  of  760°  C,  or  that 
juet  sufficient  to  hold  the  tungetate  in  fUMion,  the  grains  of  amorph- 
ous silica  disappear ;  and  after  several  hundred  hours  of  heating, 
double  hexagonal  pyramids  of  quartz  are  obtained.  Sp.  cr.  = 
2*61  —  2'65.  The  crystals  contain  a  trace  of  tungstic  acid  and 
0-003  per  cent  of  soda. 

The  crystallization  is  so  slow  at  7500  C_^  that  practically  it  is 
necessary  to  adopt  the  following  method :  the  silica  with  the  fused 
tungstate  is  made  to  oecillete  in  temperature  many  times  between 
800  and  950° ;  with  the  increasing  heat  the  silica  combines  with 
the  soda,  and  with  the  decrease,  the  eilica  is  precipitated  by  the 
tungstic  acid.  At  the  commencement  of  each  period  of  cooling 
the  silica  takes  the  form  of  tridymite,  but  as  the  temperature  falls 
below  about  SEO"  C,  it  takes  that  of  quartz. ~B«U,  8oc.  Min.  de 
France,  No.  1,  p.  1,  1878. 

21.  Tridymite. — M.  Schuster  hasexamined  the  tridymite  from 
an  oligoclase-trachyte  of  Monte  Gioino  near  Tiolo  in  the  Euganean 
Hills  {Northern  Italy),  and  concludes  that  its  crystals  are  twins 
luder  the  triclinic  system,  its  optical  characters  affording  evi- 
dence in  favor  of  this  conclusion. — Min.  u.  petrogr.  Mittheii. 
herauag.  v.  &.  TMurmak,  Heft  1. 
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22,  MinercUogical  Society  of  France, — A  mineralogical  society 
was  institated  in  Paris  on  the  21st  of  March  of  the  present  year, 
and  the  first  number  of  its  Bulletin  appeared  in  April.  The 
President  of  the  Society  is  the  eminent  mineralogist,  M.  Des- 
Cloizeaux ;  the  Vice  President,  M.  Mallard ;  Secretary,  M. 
Richard ;  and  Treasurer,  M.  Delesse. 

M«  Mallard  describes,  in  the  first  number  of  the  Bulletin,  the 
new  mineral  Bravaieite^  from  the  coal  formation  of  Noyant.  It 
has  an  argillaceous  appearance  and  is  thinly  laminated  but  with  a 
fibrous  structure  under  the  microscope.  The  color  is  gray, 
slightly  greenish.  When  moistened,  it  is  almost  gum-like,  rather 
than  plastic,  and  strongly  unctuous.  Fuses  easily  to  a  white 
globule,  and  is  attacked  by  acids.  An  analysis  afforded  SiO, 
51-40,  AIO3  18-90,  FeOj  4-00,  CaO  2*00,  MgO  3-30,  K^O  6-60, 
H,0  18'30=99-40,  giving  the  quantivalent  ratio  for  R,  R,  Si,  H,, 
1 :  3*3 :  9*16 :  3*93 ;  or  1 : 3 :  9  : 4,  if  the  iron  is  excluded  as  due  to 
the  pyrites  present.  M.  Mallard  observes  that  it  is  in  its  composi- 
tion near  pmite,  glauconite  and  carpholite ;  but  nearer  a  potash 
zeolite. 

23.  Analcite. — Dr.  A.  von  Lasaulx  has  examined  sections  of 
the  picranalcite  of  Monte  Catini,  and  finds  the  radiate  twinning 
structure  to  indicate  that  the  crystals  are  of  the  orthorhombic  sys- 
tem and  analogous  to  those  of  phillipsite. — N.  Jahrb.  f.  Min,^ 
1878,  p.  510. 

TIL  Botany  and  Zoology. 

1.  Two  new  JFim-books  are  evidences  of  increasing  attention  to 
this  beautiful  order  of  plants,  both  as  to  botanical  study  and 
ornamental  cultivation.  Perhaps  we  may  in  time  come  to  have 
as  copious  and  popular  a  fern-literature  as  that  of  Great  Britain  ; 
the  crowning  work  still  being  the  classical  one  of  Professor  Eaton, 
which  will  take  some  time  to  finish.  The  new-comers  are  of  much 
less  pretension,  are  handy-books  in  single  12mo.  volumes,  of  very 
moderate  price,  and  likely  to  have  a  large  circulation.  The  one 
first  publisned  is 

Jfime  of  Kentucky^  with  sixty  fuUrpa^ge  etchings  and  six  wood 
cuts^  drawn  by  the  Author,  illustrating  Structure,  Fertilization^ 
Classification,  Genera  and  Species,  By  John  Williamson,  Louis- 
ville, Ky.  Morton  &  Co.  1878.  pp.  154. — The  typography  is 
apparently  as  good  as  if  it  were  printed  in  New  England  instead 
01  Kentucky,  where  it  was  not  only  set  up  but  electrotyped.  Tlie 
illustrations  are  the  author's  own  etchings  on  copper,  but  printed 
from  lithographic  transfers,  ''in  every  respect  as  well  done  as  if 
they  had  been  printed  direct."  They  are  anyhow  fairly  well  done, 
and  etching  has  a  certain  advantage  in  exhibiting  structure  or 
texture,  as  the  author  remarks.  The  magnified  views  have  prob- 
ably lost  somewhat  of  expression  and  sharpness  in  the  transfer. 
But  the  gain  in  cheapness  is  not  to  be  overlooked.  Still  the  wood- 
cut figures  of  the  sporangia  are  much  the  best,  and  stand  out  with 
refiresbing  distinctness.     A  few  pages  are  occupied  with  the  sub- 
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J'ects  of  oiiltivAtion,  fltructure  and  classifioation.  The  bullcoftbe 
njoV.  IB  devoted  to  the  ferns  of  Kentucky,  and  these  are  treated 
m  a  manner  to  make  all  plain  and  clear  to  amateara  in  that  State, 
It  serves  as  well  for  the  adjacent  States,  wliich  have  the  same 
species.  We  i-onM  have  helped  the  author  to  one  mort?  Atpleniurn, 
vie.  A.  paroulum,  which  is  so  abundant  in  East  Tennc-seee  and 
West  \  irginia  that  it  cannot  fail  to  inhabit  Kentucky.  Indeed 
Mr.  Williamson's  words  in  introdtieing  the  Ebony  Spli-cnvrort 
give  ground  for  the  inference  that  be,  like  so  many  olhen,  has 
taken  A.  parvitlum  for  a  small  state  of  A.  ebtneiirit. 

Feriia  in  th«ir  Jionies  and  Ours,  by  Joh»  Kobishos,  is  the  tak- 
ing title  of  the  seooad  book  on  this  subject,  ll  is  published  by 
Cassino  of  Salem,  tho  pnblisher  of  the  Ferns  of  America,  lo  which 
it  becoQies  a  desirable  and  iieeful  companion.  It  til  Is  1 78  pages, 
and  is  illu&irated  by  iwenly-two  plates,  eight  of  them  color-printed 
representations  of  speciuii,  besides  a  frontispiece  photograph,  ex- 
hiititing  the  attractive  " Fern-comer  "  of  the  author  s  conservatory. 
The  olhcre  represent  growth,  fertilis-'itJon  and  Gtructure  of  fetus, 
Feni-cases  and  jardinieres,  out-of-door  fernery,  pots,  pans,  baskets, 
land  other  appliances,  and  lastly,  a  plate  supplied  by  I'rufeHSor 
Packard  shows  up  the  insects  which  are  pests  to  cultivated  fents. 
Tliis  work  does  not  describe  the  species  of  ferns,  but  deals  with 
them  in  a  general  way,  tracing  theu*  life-history,  disonssing  their 
el  ass  iH  cation  and  distribution,  recounting  their  principal  literature, 
.ftt  least  as  to  the  bibliography  of  the  popular  and  some  of  the 
'more  elaborate  works,  explains  in  detail  the  way  to  collect  them 
for  cultivation,  bow  to  establish  fenieiiew  and  fern-caBos,  what 
ferns  to  grow  and  whtTo  and  how,  with  lists  of  pund  species  for 
cultivation,  including  also  Selaginellas,  their  natural  associates. 
Ill  fact  nothing  of  a  practical  nature,  that  we  know  of,  is  over- 
looked, not  even  the  troubling  of  an  out-of-doors  feniei'y  by  the 
midnight  revels  of  cats,  for  which  evil  an  appropriate  treatment 
is  pi-escribed.  The  hook — every  way  a  most  attractive  one— is  so 
well  up  to  the  time,  and  so  full  of  information,  that  it  even  an- 
nounces, most  handsomely,  Mr.  Williamson's  volume,  which  was 
published  only  a  fortnight  before  it.  We  wish  for  both  books  the 
success  they  deserve.  For  the  study  of  Bpec'ies  of  the  middle 
United  States,  the  Kentucky  Manual  supplies  the  want.  For 
general  fern-lore  and  fern-management  the  Salem  work  has  no 
rival.  The  amateur  may  be  happy  with  either,  happier  and  best 
provided  with  botli.  a.  u. 

2.  T.  Macoun  ;  Catalogue  of  the  F/uenogamoiis  and  Crypto- 
gamotiB  Plants  {including  Lichens)  vf  the  Dominion  of  Canada, 
south  of  the  Arctic  Circle.  Belleville,  Ontario,  pp.  52.  8vo. — The 
range  takes  in  British  Columbia;  the  number  of  species  mounts 
up  to  !{,06l  ;  of  tbe  Phtenogama  to  2,271.  It  is  a  naked,  num- 
bered list,  with  no  indication  of  locality  or  range, — one  oseful 
for  botanical  exchanges,  and  convenient  for  other  purposes,  neatly 
printed,  but  not  free  from  typographical  oversights.  Over  2,900 
of  tbe  species  here  enumerated  have  been  collected  in  their  native 


Botany  and  Zoology.  157 

wilds  by  the  indefatigable  editor.  The  remarkable  accession  to 
the  North  American  Flora  which  this  Catalogue  records  is  that 
of  Zfittorella  lacustris.  a.  g. 

8.  The  Native  Flowera  a7id  Ferns  of  the  United  States^  edited 
by  Profepsor  Meehan  and  chromo-lithographed  by  Prang  &  Co., 
evinces  its  life  and  good  promise  of  success  in  the  prompt  appear- 
ing of  Parts  3,  4,  and  5.  Our  notice  of  the  fii'st  parts  is  so  recent 
and  particular  that  we  need  only  announce  the  new  ones,  which 
maintain  the  general  character.  Botanists  may  thank  the  editor 
for  interspersing  some  figures  of  plants  which  the  florist  and  com- 
mon observer  would  pass  by  unnoticed,  such  as  Carex  stricta^ 
Cuphea  viscosissima,  and  PediciUaris  Canadensis.  a.  g. 

4.  Zoological  JJistribiftio7i^  and  some  of  its  Difficulties ;  by 
P.  L.  ScLATKK,  Esq.,  M.A.,  Ph.D.,  F.R.S. — After  pointing  out 
tnat  "locality"  is  quite  as  much  a  part  of  the  proper  characters 
of  natural  groups  of  animals  as  form  and  structure,  the  lecturer 
spoke  of  "specific"  and  "generic"  areas,  and  of  the  doctrine  of 
their  continuity.  He  then  treated  of  "  representative  species," 
and  showed  that,  while  insular  representative  species  are  usually 
distinct,  continental  representative  species  are  not  unfrequently 
found  to  be  connected  together  by  intermediate  forms.  The  only 
hyjpothesis  that  would  explain  these  and  other  phenomena  of 
"distribution"  was  that  of  the  derivative  origin  of  species.  But 
the  question  was,  were  there  not  exceptional  cases  of  distribution 
which  threw  difficulties  in  the  way  of  the  universal  adoption  of 
this  hypothesis  ?  It  must  be  admitted  by  all  who  had  studied 
distribution  in  any  group  of  animals  that  there  were  many  such 
difficult  cases.  The  lecturer  then  proceeded  to  call  attention  to 
six  cases  of  abnormal  distribution  in  the  classes  of  mammals, 
birds  and  reptiles,  namely : — 

( I .)  The  Little  Blue  Magpie  of  Spain. — The  general  character 
of  the  birds  of  Spain  did  not  differ  materially  from  that  of  the 
rest  of  Southern  Europe,  although  a  few  North  African  species 
intruded  into  its  limits.  One  little  bird  only  seemed  to  have  been 
introduced  from  afar,  and  disturbed  the  general  uniformity.  The 
little  blue  magpie  of  Spain  ( Cyanopica  Cooki)  had  not  only  no 
near  relatives  in  the  rest  of  Europe,  but  we  must  go  to  the  farthest 
part  of  Siberia  and  Northern  China  before  we  met  with  its  true 
allies.  Here  was  found  the  Cyanopica  cyanen^  so  closely  allied 
to  the  Spanish  bird  as  to  be  barely  distinguishable.  This  was, 
therefore,  an  undoubted  instance  of  a  discontinuous  generic,  if 
not  specific,  area,  and  in  order  to  bring  it  within  ordinary  rules  it 
was  necessary  to  suppose  that  the  parent-form  had  been  formerly 
existent  throughout  Europe  and  Central  Asia,  but  had  for  some 
reason  become  extinct  in  those  countries. 

(2.)  Oxyrhamphus  and  Neomorphus. — These  two  South  Ameri- 
can eenera  of  birds  offered  somewhat  parallel  cases  of  broken 
distribution.  Of  the  peculiar  Passerine  form  Oxyrharnphus^  only 
two  very  closely  allied  speciec  were  known,  one  ( 0.  flamndceps) 
in   Southeastern   Brazil,  and   the  other   {O.  f rater)  in   Central 


Ameriua,  the  genua  being  ^uite  unrepresented  in  tbe  intermediate 
couutriee.  In  the  Cucutine  ^nus  Neomorphus,  the  Central 
Ameriean  form  (N".  ikUeini)  was  again  very  nearly  similar  to  the 
Brazilian  (Al  osojfroyt),  whereas  in  the  intermediate  coiintnes 
three  other  quite  distinct  epecics  were  known  to  oconr. 

(3,)  JPilla  Atiffoleneia. — Not  lees  than  from  thirty  to  forty  spe- 
oieu  of  the  brilliantly  colored  birds  of  the  genus  Pitta  were 
known  to  science,  distributed  from  India,  on  the  north,  through 
the  great  Asiatic  islands  into  Northern  Aneiralia.  Bnt  one  single 
IHtUi,  in  every  way  typical  in  structure,  and  clonely  allied  to  an 
Indian  epeeies,  occurred  in  a  limited  district  of  Western  j\frica, 
the  genus  being  quite  unltnown  in  intermediate  localities.  This 
was  a  clear  instance  of  a  diBCuntinuons  generic  area. 

(4.)  The  SoUiiodon  of  the  AntiUen. — The  insectivorous  mam- 
mals, according  to  the  best  authorities,  c^nstitnted  ten  dilTorenl 
families,  which  were  mostly  restricted  to  the  Palearclic,  Indian 
and  Ktbiouian  regions,  and  were  entirely  nurepreeented  in  Aus- 
tralia and  bouth  America.  Two  I'amiliei!  only  extended  into  the 
northern  portion  of  the  Now  World,  the  moles  { Ibtpititt)  and  the 
dhrewfl  {Svreeiil^).  But  there  was  one  very  exceptional  case. 
The  genua  Solenodoii,  two  species  of  which  were  kuowu  &om  two 
ialaiids  in  the  West  Indies,  belonged  not  to  the  efarews  or  moles, 
but  to  the  family  CenteHdm,  otherwise  entirely  confined  to  Mada- 
gascar. If,  therefore,  the  descent  of  Soleitodon  and  Centetes  from 
ft  common  ancestor  were  asenraed,  the  tallowing  aBsumptions  moat 
also  he  made.  First,  that  the  West  India  Islands  had  been  united 
by  laud  to  Africa;  and  secondly,  that  the  Centetid'Jf  hud  formerly 
exl(-nded  all  through  .Mricaj  where  there  were  now  no  traces  of 
them. 

(5.)  The  I>Mtribution  of  Lemurs. — Recalling  Solenodoii  to  our 
minds,  we  might  well  have  expected  that  the  Lemurs,  one  of  the 
most  prevalent  and  characteristic  mammal  groups  of  Madagascar, 
would  have  had  allies  in  America,  but  such  was  not  the  case. 
The  only  membei-s  of  this  group  not  found  in  Madagascar  were 
met  with  in  Africa  and  parts  of  the  Indian  region.  It  was  there- 
lore  manifest  that,  assuming  the  origin  of  the  Lemurs  from  a 
common  source,  a  continent  mnst  have  formeriy  existed  in  the 
Indian  Ocean,  and  ibrmcd  the  ancient  home  of  the  Lemurine 
family,  of  which  the  fragments  were  now  so  widely  sundered.  It 
would,  however,  be  difficult  to  reconcile  this  hypothesis  with  that 
of  the  former  land-connection  of  Madagascar  with  the  Antilles 
through  Africa,  previously  adverted  to. 

(6.)  The  Giant  Land  Tortoises.  —  The  giant  land  tortoises, 
which  had  lately  formed  the  subject  of  the  elaborate  studies  of 
Dr.  GOnther,  presented  a  still  more  extraordinary  instance  of  anom- 
alous distribution.  These  animals  now  only  existed  in  the  Galft- 
Sagos  Ifilands  and  on  the  coral  reef  of  Aidabra,  northwest  of 
[adagaacar,  but  a  third  group,  which  formerly  inhabited  the  Mas- 
carene  Islands,  had  only  recently  become  extinct.  In  order  to 
derive  these  three  groups  of  allied  species  from  the  same  stock,  it 
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wonld  be  necessary  to  assume  first  that  giant  land  toiloises  were 
formerly  distributed  all  over  Soutb  America  and  Africa,  where  no 
traces  of  tbem  now  existed ;  secondly,  to  suppose  that  the  Gala- 
pagos were  formerly  united  to  America ;  and  thirdly,  that  the 
Aldabra  reef  had  once  formed  part  of  land  that  was  joined  to  the 
African  coast  But  even  then  all  the  difficulties  would  not  have 
been  surmounted,  for  it  appeared  that  the  Mascarene  form  of  these 
tortoises  was  more  nearly  allied  to  that  of  the  Galapagos  than  to 
that  of  Aldabra,  It  would  further  have  to  be  assumed  therefore, 
in  order  to  bring  these  facts  into  harmony  with  the  usual  theory, 
that  the  Mascarene  Islands  had  remained  united  to  the  African 
coast  after  the  Aldabra  reef  had  been  separated  from  it. 

These  six  cases  were  only  selected  instances  of  the  many  diffi- 
culties met  with  in  endeavoring  to  account  for  all  the  known  facts 
of  distribution  by  the  hypothesis  of  the  derivative  origin  of 
species.  It  would  be  easy  for  those  who  had  studied  distribution 
in  any  group  of  animals  to  add  to  them  almost  indefinitely. 
Two  other  more  general  phenomena  of  distribution,  which  it 
appeared  to  be  difficult  to  reconcile  with  the  derivative  hypothe- 
sis, were  also  briefly  adverted  to,  these  were  the  existence  of 
"  tropicopolitan"  forms,  that  is,  of  forms  common  to  the  tropics 
of  both  hemispheres,  and  the  presence  of  scveial  closely  allied 
species  in  the  same  area.  In  the  first  case,  it  was  difficult  to 
understand  where  the  continent  could  have  formerly  existed 
which  afforded  a  home  to  the  ancestors  of  the  similar  species  now 
so  widely  separated.  In  the  second  place,  it  never  ap))eared  to 
have  been  explained  satisfactorily  how  more  than  one  form  could 
have  succeeded  to  a  pre-existing  one  in  the  same  area,  and  the 
hypothesis  that  allied  forms  had  always  originated  in  separate 
areas,  and  had  come  together  into  the  same  area  by  immigration, 
appeared,  in  some  cases  to  be  almost  untenable. 

These  and  other  minor  difficulties  had  led  the  author  rather  to 
question  whether  identity  of  structure  must  be  taken,  wUhmt 
exceptiojij  as  an  indication  of  immediate  descent  from  a  common 
parentage.  At  any  rate,  the  subject  seemed  to  be  one  still  open 
for  discussion,  and  not,  as  some  recent  writers  had  appeared  to 
assume,  a  matter  which  must  be  regarded  as  fully  and  incontro- 
vertibly  set  at  rest. — Royal  Institution^  Feb.  1878. 

6.  CorcUs  of  the  Atlantic. — G.  Lindstrom  has  described  and 
figured  several  new  corals  from  the  Atlantic  bed,  in  a  paper  in 
the  Transactions  of  the  Swedish  Academy,  vol.  xiv,  1877. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  IVansactions  of  the  Connecticut  Academy  of  Arts  and 
Sciences^  Vol.  Ill,  Pai-t  2. — This  part  closes  the  volume.  It  con- 
tains a  paper  by  S.  F.  Clark,  on  the  Hydroids  of  the  Pacific 
Coast  south  of  Vancouver  Island ;  by  F.  M.  Turnbull,  on  the 
anatomy  and  habits  of  Nereis  virens ;  by  J.  K.  Thacher,  on 
Median  and  Paired  Fins,  a  contribution  to  the  history  of  verte- 


brate  limbs;  by  S,  I.  Smith,  on  the  oaHy  stiiges  of /ifi/>po  f-iA 
poida  ;  by  J,  wUlard  Gibbs,  on  th?  equilibrium  of  holerogeneona 
aubstftiicea,  this  last  paper  occupying  S2U  pa.ge8  of  the  number. 

Ml',  'fhaoher  closeii  hla  excellent  papiT — the  eecond  on  verte- 
brati!  limbn — wiili  the  following  addendum. 

Since  the  views  esprewed  in  the  foregoing  pages  were  complete 
iu  my  own  miud  eix  or  eight  mouths  ago,  I  had  looked  fi>r  fion- 
flrmallon  of  them  in  the  hrilliant  inveaiigatioiis  of  Balfour  on  the 
devi'h>pment  of  Klasmobranc-hii.  The  preliminary  aaeount,  how- 
ever, in  the  Journal  of  Microttcopicnl  Mcitiice,  ooncniiied  nothing 
benriug  on  the  point,  and  thu  papvn  in  the  Journal  of  Amitumy 
anil  Phyfiiology  I  have  been  able  to  obtain  only  irregularly. 
Immediately  auer  the  last  proof  of  the  pi-reutling  pngeM  had  been 
received,  the  number  of  that  Journal  for  Oclobtr,  1376,  came  into 
my  bunda.  Hero  Bidfour  devote))  three  or  ftiur  pages  to  the  limbs. 
He  saya :  "  If  the  account  just  given  of  the  development  of  the 
limb  19  an  accurate  record  of  what  really  takes  plac*,  it  ia  not 
possible  to  deny  that  some  light  ia  thrown  by  it  upon  the  firet 
origin  of  the  vertebrate  ]imb^  The  faut  can  only  bear  one  inter- 
pretation, viz :  tItrU,  the-  limbs  ura  the  remnants  vf  continuous  Uu- 
emifi',9." 

"  The  development  of  the  llmhi  ib  almost  identically  Birailar  to 
that  of  Die  dorsal  fins,"  He  goc«  on  to  state  that  while  none  of 
his  ri^enrohes  throw  any  light  on  the  nature  of  the  skelotftl  part* 
, '  of  the  limb,  they  certainly  lt«id  no  inpport  to  Gegenhaar''a  view 
of  their  deriTation  from  the  branchial  skeleton,  Tbns  theee 
results  have  not  only  been  rt'aclied  imk'pendi^ntly,  but  from  two 
different  clas-^es  of  fiicts.  To  the  belief  in  the  original  continuity 
of  the  lateriil  fins  and  the  Uomodynamism  of  median  and  pnirt-J 
fins  I  was  led  by  obeervatious  ou  ailult  for-ms,  and  particularly 
on  the  ekeleton.  Balfour  comes  to  the  same  results  from  embryo- 
logical  investigations,  in  that  group  from  which  on  general 
grounds  an  answer  was  most  to  be  expected ;  nor  do  these  inves- 
tigations regard  the  skeleton. 

i  have  also  just  received  the  last  number  of  the  Morph.  Jahrb. 
It  contains  a  paper  by  VViedersheini*  confirming  Gegenbaur's 
view  respecting  the  double  nature  of  the  centrale.  This  bad  pre- 
viously been  shown  only  in  the  tarsus  of  Vryptobranchua  Japoni- 
cus  (and  in  the  Enaliosaurs).  Wiedersheim  shows  its  double 
characfer  in  three  Siberian  species  of  Urodeta,  in  both  carpus  and 
tarsus.  This  is  a  very  important  contirmation  of  the  chiroptery- 
giuni,  and  relieves  us  of  suspicions  with  r^'gard  to  its  correctness 
when  we  push  our  inquiries  into  earlier  history  and  more  simple 

In  the  same  number  of  the  .Tahrbuch  is  a  paper  by  Gegenbanrf 
on  the  arcbiptcrygium  theory.  He  modifies  his  e.vplanation  of 
the  Stapedifera!  limb  to  accord  with  Huxley's  view  of  the  homol- 

•  Morph.  Jahrh..  Bd.  ii.  lift.  3.     R.  Wiedoralieim,   Die  iiltesten  Ponnen  dea 
Carpus  und  Tarsue  der  heutigeo  AmphitjieD. 
I C.  Gegoabaur,  Zur  Morpholog^e  der  Oliedmaaasea  der  Wirbelthiere. 
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ogy  of  edges  and  faces  of  limb  and  fin.  He  says  that  while  he 
does  not  think  the  correctness  of  this  view  fully  demonstrated, 
still  he  thinks  there  is  a  decided  balance  of  probability  in  its 
favor.  Therefore  the  ulnar  side  of  the  arm  now  appears  as  the 
Stammreihe.  In  other  paiticulars  Gegenbaur  reaffirms  his  previ- 
ous views.  He  proceeds  to  devote  considerable  space  to  the  dis- 
cussion of  the  origin  of  the  archipterygium,  and  again  proposes 
to  assimilate  the  limb  and  limb-girdles  to  the  gill-arches  with 
their  rays.  He  supports  this  suggestion  with  considerable  argu- 
mentation.   To  this  position  the  archipterygium  theory  leads  him. 

2.  National  Microscopical  Congrei^a. — ^By  invitation  of  the 
Indianapolis  Lyceum  of  Natural  History  and  the  cooperation  of 
other  societies  a  call  has  been  sent  out  for  the  meeting  of  Micros- 
copists  at  Indianapolis  in  August,  to  be  continued  for  not  more 
than  a  week,  and  to  commence  on  the  14tli  of  tliat  month.  The 
Governor  and  other  State  officers,  and  the  Mavor  and  citizens  of 
the  place,  have  united  in  offers  of  hospitality  to  the  convention ; 
and  fare  at  reduced  rates  can  be  obtained  by  members  at  the  best 
hotels  (♦^i.OO  at  the  Bates  House,  Grand  Hotel  and  Occidental 
Hotel,  11.75  at  the  Remy  Hotel).  Those  who  may  attend  the 
convention  are  desired  to  bring  scientific  communications,  instru- 
ments, objects  for  the  microscope,  and  whatever  pertains  thereto 
that  "will  instruct  their  fellow- workers  with  the  microscope." 
Letters  should  be  addressed  to  W.  Webster  Butterfield,  M.D., 
Secretary  of  the  Committee  of  Arrangements.  The  daily  sessions 
will  be  held  in  Hall  Nos.  62,  54,  56  and  58  of  the  Court  House. 
The  time  for  the  Congress  is  one  week  before  the  meeting  of  the 
American  Association  at  St.  Louis. 

3.  Geographical  ^Surveys  west  of  the  lOOth  Meridia))^  in  charge 
of  First  Lieut.  G.  M.  Wheeler,  under  the  direction  of  Brig.  Gen. 
A.  A.  Humphreys,  Chief  of  Engineers,  TJ.  S.  A.  Vol.  II.  Astron- 
omy  and  Barometric  Hypsometry,  572  pp.  4to.  Washiuffton, 
1877. — ^This  volume  from  the  Wheeler  Expedition  under  the  War 
Department,  consists  in  Part  I  of  special  Astronomical  Reports, 
and  in  Part  II  of  a  Report  on  Barometric  Ilypsometry.  The  first 
comprises  numerous  tables  of  observations  made  for  the  purpose 
of  time,  latitude  and  longitude  determinations,  at  various  places 
in  Utah,  Wyoming,  Montana,  Colorado,  New  Mexico,  Nevada 
and  NebrasKa,  together  with  the  geographical  positions  arrived 
at  and  other  particulars  connected  therewith,  and  is  illustrated  by 
map  sketches  of  the  principal  places  and  stations,  and  a  plan  of 
the  Observatory  at  Ogden,  Utah.  The  authors  connected  with 
these  reports  are  Dr.  F.  Kampff,  J.  H.  Clark,  W.  W.  Maryatt, 
Professor  T.  H.  Safford,  W.  A.  Rogers. 

The  results  of  barometric  hypsometry  are  from  observations  made 
hi  the  years  1871  to  1875  included,  and  reported  by  First  Lieut. 
W.  L.  Marshall,  Corps  of  Engineers,  U.  S.  A.  The  instruments 
are  described,  the  methods  of  observing,  and  tables  of  altitudes 
are  given.  The  report  also  contains  tables  of  hourly  observations 
of  barometric,  thermometri'^'  and  hygrometric  and  other  phenomena 
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at  diiTurent  placee  where  thi'partieB  ivere  encnmped,  and  diagrams 
ou  eixteen  plntte  giving  the  nomry  and  diuruitl  Larometrio  curves, 
terDj^erature,  mean  difierencei<  of  wet  and  liry  tliermo meters,  diur- 
nal torce  of  vapor,  aud  relative  liumidilT. 

Die     Vereinifften   Staaten    von   Niird  Amerika,    von   Dr. 

:di:.  Katzki..  Ereter  Band.  Phy»ik<duche  Geographte  und 
Nut'ircharaJeUr,  mit  12  Holzechn.  u.  G  Kan.  iit  FarbendracV. 
668  pp.  Wgu  Kvo,  Munich,  IB~8.— This  very  large  and  bran- 
tifiiUy  printed  work  ia  the  first  of  two  vohim^H  ou  the  Uuiied 
Stati-B,  and  treats  of  the  physical  geography  and  natnral  featorbs 
of  the  country.  The  worK  has  been  prepared  by  one  who  i)aa 
well  mastered  his  subject,  through  the  writings  of  the  varinuB 
American  contributiona  to  it— inose  of  the  earlier  aud  later 
exploring  expeditions,  the  priucipal  State  Geological  Rtporlfl,  the 
works  ol  Lyell,  Fremont,  J.  D.  Whitney,  Guyot,  Humphreys  and 
Abboit,  Walker's  Statistical  Atlas,  $chott*s  table  and  results  of 
'oij)ilalion,  and  others;  and  he  has  prusented  the  facts  in  a 
judicious  and  aystematic  manner.  The  mups  are  handsomely  col- 
ored and  illustrate  the  geology  (Ironi  HIake  and  Uitchoook's 
""""'\  surface  relief,  forest-distribution,  and  other  characteristics. 

le  volume  opens  with  a  general  sketch  of  the  Continent,  and 
of  the  outlines  of  the  country.     Then  follow ^a  brief  review  of  the 
geology  pf  the  United  States;  an  account  of  the  surface  r«lie&, 
occupying  1  IS  pages ;  of  the  rivers,  lakes,  hot  springs,  etc  ;  the 
climate;  and  the  mstributioii  of  plauts  aud  auimals.    The  woond    | 
part  of  the  volume  occupying  tlie  following  200  pages,  mmtaios    ' 
special  descriptions  of  difterent  natural  Bections  of  the  country — 
for  example,  forest  regions,  prairies,  New  England,  the  Atlantic 
coast,  the  Florida  Keys,  Cypress  swamps,  the  Western  plains,  the 
Bad  Lands,  "California  nutur;"  the  Sierra  Nevada,  the  Great    i 
Lakes,  and  other  topics.     The  second  volume  will  be  occupied     * 
with  the  "  cult  urge  ographie"  of  the  ITnited  States  ;  and  will  give 
the  facts  with  fulness  like  the  first,  and  with  reference  to  the  prac- 
tical rather  than  the  theoretical. 

5.  Jteport  vpon  Furestry  :  by  Franki-i.n  B,  Hough.  630  pp. 
8vo.  Washington,  1878. — Phis  report  by  Mr.  Hough  was  pre- 
pared under  the  direction  of  the  Commissioner  of  Agriculture,  iii 
pursuance  of  an  act  of  Congress,  of  August,  1876.  It  is  a  prac- 
tical, comjirehensive  work,  embracing  a  wide  range  of  topics 
bearing  on  forest  waste  ;  forest  growth  ;  forest  lands  and  reserva- 
tions ;  forest  distribution  ;  forest  culture  as  aSected  by  legislatiou, 
climate,  treatment ;  methods  of  tree  planting  and  effects  of  the 
various  kinds  of  soils  and  exposures;  the  cultivation  of  special 
kinds  of  trees;  uses  of  woods,  charcoal,  the  resins  and  other 
proilucts  of  trees;  insect  ravages  and  the  consequences  of  other 
enemies,  with  the  modes  of  prevention;  a  general  detailed  dJseiis- 
sion  of  climate  in  this  and  other  countries,  in  its  bearing  on  the 
snbject,  with  the  experiences  and  experiments  of  the  nations  of 
Europe  and  elsewhere ;  effects  of  forests  on  climate ;  forest  legis- 
lation over  tfaew'irld;  forest  resources  aud  enlture  in  ditfereat 
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United  States;  lumber  statistics;  and  various  other  topics,  on  all 
of  which  the  author  has  brought  forward  a  great  amount  of  valu- 
able facts,  and  in  a  manner  to  enlighten  and  benefit  every  part  of 
the  country. 

6.  BtUktin  of  the  Busaey  Institution^  vol.  ii.  Part  iii,  1878. — 
This  number  of  the  Bussey  bulletin  contains  the  following  papers : 
on  the  hybridization  of  Lilies  by  F.  Parkman  ;  on  the  composi- 
tion of  Equisetum  arvense  by  F.  H.  Storkr;  composition  of 
shells  of  crabs  and  lobsters,  and  those  of  oysters,  clams,  mussels, 
etc.,  id. ;  prominence  of  carbonate  of  lime  as  a  constituent  of 
solutions  obtained  by  percolating  dry  cultivable  soils  with  water, 
id. ;  Supplementary  note  to  an  article  on  the  composition  of  pump- 
kins, id. ;  a  list  of  Fungi  found  in  the  vicinity  of  Boston,  with 
remarks,  by  W.  G.  Fablow. 

7.  TTU  Speaking  Telephone^  Tulking  Phonography  and  other 
Novelties;  by  George  B.  Prescott.  432  pp.  8vo,  with  numer- 
ous illustrations.  New  York.  1878.  (D.  Appleton  <fc  Co.). — This 
volume  contains  a  complete  account  of  the  Telephone  and  Phono- 
eraph,  in  their  various  forms,  with  a  large  number  of  excellent 
figures  illustrating  their  construction  and  mode  of  use,  and  also 
diagrams  of  the  vibrations  or  "logographic  records"  of  the 
phonograph.  It  also  treats  of  Quadruplex  telegraphy  at  much 
length,  giving  many  detailed  figures  in  the  course  oi  the  chapter. 

a  The  JVcOuralisfs  Directory  for  1878.  Edited  by  S.  E. 
Cassino.  184  pp.  12mo.  Salem,  Mass.,  1878. — This  well  arranged 
catalogue  of  tne  names  and  addresses  of  all  '^  naturalists  of 
America  north  of  Mexico,"  and  of  all  Scientific  Societies,  is  a  very 
useful  and  convenient  work  to  those  who  are  interested  in  any 
way  in  science,  even  if  not  doing  more  than  collecting  a  cabinet. 
The  new  edition,  just  published,  appears  to  be  very  complete. 
The  editor  states  in  his  preface  that  he  will  be  thankful  for  correc- 
tions and  additions. 

9.  Fownei^s  JSlementary  Chemistry^  revised  and  corrected  by 
Henry  Watts,  B.A.,  F.R.S.,  a  new  American  from  the  12th  Eng- 
lish edition,  edited  by  Robert  Bridges,  M.D.,  Professor  of 
Chemistry,  Philadelphia  College  of  Pharmacy.  1026  pp.  8vo. 
Philadelphia,  1878.  (Henry  C.  Lea). — A  new  and  improved  edition 
of  this  very  convenient  manual. 

10.  Journal  of  the  Cincinnati  Society  of  Natural  History, 
Vol.  I,  No.  i,  April,  1»78.  52  pp.  8vo,  with  two  plates. — Contains 
contributions  to  paleontology  by  S.  A.  Miller  and  C.  B.  Dyer, 
describing  various  Silurian  fossils,  figures  of  which  are  given 
on  the  plates ;  also  a  paper  on  a  new  species  of  Pupa  by  C.  R. 
Judge;  and  another  on  the  tongue  of  some  Hymenoptera  by 
V.  'l\  (;hambers. 

1 1 .  Glaciers  of  the  Western  Himalayas. — The  glaciers  of  the 
Western  Himalayas,  according  to  measurements  recently  given  in 
the  Tour  de  Monde^  far  surpass  in  extent  any  hitherto  examined 
outside  of  the  polar  regions.  In  the  Mustagh  ran^e,  two  glaciers 
immediately  aajcnning  one  another  possess  a  united  length  of 
sixty-five  miles.     Another  glacier  in  tne  neighborhood  is  twenty- 
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one  milofl  in  length,  and  from  one  to  two  tnilt<e  in  width.  It« 
upper  portion  ib  at  a  heigbt  of  '24,1)00  t'eut  aliove  the  level  of  thu 
Bea,  antl  its  lower  portion  terrainiiting  in  maeses  of  ioe  230  feet  in 
height,  and  three  railea  in  lireadth,  is  10,000  feet  above  the  sea, — 
Xatwe,  July  4. 

12,  InalructioTU  for  ofmerviiiff  the  Total  Solar  Sclipxe  of  Jult/ 
aa,  1878.  Prt-jKired  hy  Profesaor  Wm.  Harknshs  and  issinfd  hy 
the  United  States  Naval  Observatory.  30  pp.  4to.  Waahing- 
ton,  1S78. 

Elementi  d(  Djnnmio :  nn  Introducticm  to  Ui«  Bind?  at  motion  and  rest  la  wU 
Kod  Quid  Bodies  -,  t>7  W.  K.  OurroBU,  F.R.S.  — Pitrt  I,  Klnamatic     ISl  M*.  13ia&  ■ 
LoikJou.     H^lii.    (UocsDillaa  &  Co.).  I 

OBITI-ARr,  I 

William  M.  Gabs  died,  of  unnBiimption,  ou  the  30th  of  May 
IhbI,  at  Philadel|ihia,  whcrt  h»  waa  horn  on  the  20th  of  January, 
1839.  In  1862,  Mr.  Gabb  t-ntered  upon  the  duties  of  paleonlolo- 
gist  of  Uie  Geological  Survey  of  California,  under  Professor  J.  D. 
Whitney.  The  larger  part  of  thu  first  volume  on  the  palwinlology 
and  the  whole  of  the  second,  are  occvn)>ied  with  his  reports  on  the 
Cretaceous  and  Tprtiary  fossils  of  the  State ;  the  two  illusiraled 
by  bixty  plates  ot'foRsils.  In  18G8  hi:  undertook  a  survey  lu  Santo 
Domingo  for  the  Santo  Domingo  Land  and  Mining  Company;  and 
in  1873  published  an  extended  memoir  on  the  Topograpliv  Jind 
Geology  of  that  island  in  the  Tramiautiona  of  the  Amerioaii  Philo- 
Bopbi^  tiooiely  (voL  xv).  In  18?a  Mr.  Gabb  w*nt  to  CoaU 
Rita,  under  an  appointment  from  the  government  of  the  State,  and 
engaged  in  a  topographical  iirid  geological  survey  of  the  territory, 
in  which  be  raaao  hIpo  extensive  ethnological  and  natunil  history 
colleeliuns  for  the  Smithsonian  Institntinn.  A  un-moir  on  the 
topography  of  the  country,  with  a  map,  was  published  in  Peter- 
mann^a  MUtheiiungen  ;  and  another,  on  ethnology,  in  the  Trsnu- 
actions  of  the  American  Philosophical  Society.  But  an  extensive 
report  on  Coeta  Rica  geology  and  paleontology  remains  to  be 
published.  Various  papers  olnia  have  appeared  also  in  the  Pro- 
ceedings of  the  Phnadelphia  and  Philosophical  Society;  and 
several  in  this  Journal,  the  last  in  the  number  for  March  of  the 
current  year.  Mr.  Gabb  was  a  man  of  vast  energy,  and  an  earnest 
and  careful  investigator.  His  varions  contributions  to  science  are 
a  great  honor  to  the  country — and  eminentiv  so  to  the  State  of 
California,  tor  which  a  targe  share  of  his  work  was  done. 

Baron  von  Kibra  died  on  June  5th  at  Nuremberg,  in  his 
seventy-second  year.  He  was  the  author  of  various  chemical, 
zoological,  physiological,  arcbfeo logical  and  literary  works  and 
memoirs.  He  explored  Brazil,  ChiH  and  some  other  parts  of 
South  America,  and  published  accounts  of  his  observations  and 
his  discoveries  in  natural  history.  He  is  the  author  also  of  many 
popular  works  of  fiction,  the  sceues  of  several  of  which  were  laid 
in  South  America. 

Andreas  von  ETTisosHAUSEy,  Professor  of  Physics  at  Vienna, 
died  on  the  2Sth  of  May,  having  beeu  born  in  Heidelberg,  Nor. 
26,  1796. 
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Abt.  XV. — On  the  Origin  of  Comets ;  by  H.  A.  Newton. 

1.  Kant  in  the  exposition  of  his  theory  of  the  development 
of  the  solar  system  treats  the  comets  as  formed  from  the  mat- 
ter of  the  condensing  solar  nebula.  To  him  they  were  planets, 
in  fact,  but  somehow  thrown  out  of  their  normal  circular 
orbits.  Although  he  gave  for  this  origin  of  the  comets  no 
reasons  which  astronomers  can  respect,  yet  it  is  proper  to  call 
the  hypothesis  by  his  nama  On  the  other  hand,  Laplace  in 
his  exposition  of  the  nebular  hypothesis  considered  tnat  the 
comets  were  made  from  the  matter  that  is  scattered  through 
the  stellar  spaces,  and  that  in  their  origin  they  have  no  rela- 
tioDS  with  the  solar  nebula.  Have  we  in  our  accumulation  of 
facts  since  the  times  of  Kant  and  Laplace  learned  any  thing 
which  helps  us  to  decide  between  these  two  hypotheses  ?  I 
propose  to  consider  what  peculiarities  each  of  them  requires  in 
the  shape  and  distribution  of  the  cometic  orbits,  and  then  com- 
pare with  the  theories  the  observed  facts. 

2.  For  convenience  I  shall  assume  that  the  solar  system  has 
been  brought  into  its  present  condition  by  some  process  of 
development  Hence  the  comets  have  not  through  all  past 
time  moved,  even  approximately,  in  their  present  orbits. 
After  the  comets  became  separate  parcels  of  matter  two  kinds 
of  forces  could  alter  the  forms  of  their  orbits,  resistance  of  a 
medium  (if  such  exists),  and  the  attraction  of  gravitation  of 
the  sun  and  planets. 

8.  Nearly  all  the  comets  that  we  have  seeo,  and  have  com- 
puted the  orbits  o^  come  nearer  to  the  sun  than  the  planet 
Mars.     The  exceptions  are  only  about  five  per  cent  of  the 
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whole  number.  We  may  therefore  assume  that  comets  to 
become  visible  to  us  ought,  in  general,  to  come  nearer  to  the  sun 
than  that  planet.  All  others  may  be  regarded  as  irennanently 
invisible.  There  is,  however,  no  reason  to  doubt  that  many 
such  unseen  comets  exist  Even  those  which  we  see  become 
invisible  at  a  moderate  distance  from  the  earth  and  sun. 

4.  The  orbits  of  most  comets  are  so  near  to  a  parabolic  form 
that  it  is  only  when  they  are  very  well  observed  that  we  can 
detect  any  deviation  therefrom.  They  pass  to  a  great  distance 
from  the  sun,  and  it  is  reasonable  to  suppose  that  their  origin, 
even  on  Kant's  hypothesis,  was  remote  from  the  sun.  We 
must  interpret  that  hypothesis  as  meaning  that  some  of  the 
parcels  of  matter  that  would  normally  have  gone  to  make  up 
distant  planets  became  scattered  into  comet  maasea. 

5.  Consider  such  a  parcel,  or  comet  mass.  A,  at  a  point  such 
that  the  line  AS  from  A  to  the  sun  S  is  iai^e;  for  example, 
1,000  times  the  distance  from  the  earth  to  the  sun.  Now  if  the 
velocity  of  A  exceeds  the  small  velocity  acquired  by  a  body 
falling  bv  attraction  from  an  infinite  distance  down  to  A,  that 
is,  exceeds  the  velocity  in  a  parabolic  orbit,  then  by  the  law  of 

fravitation  the  orbit  of  A  around  S  must  be  an  hyperbola, 
'he  more  the  velocity  of  A  is  in  excess  of  the  parabolic  veloc- 
ity the  more  manifeeiJv  will  the  hyperbola  differ  from  a  parab- 
ola. But,  since  the  known  comet  orbits,  if  any  of  them  are 
hyperbolas,  differ  little  from  parabolas,  we  are  permitted  to 
assume  for  them  a  velocity  at  the  distance  AS  not  largely  in 
excess  of  the  p.irabolie  velocity.  All  other  orbits  we  have 
nothing  to  do  with.  Laplace  proves  satisfactorily  that  we 
ought,  by  the  theory  of  probabilities,  rarely  to  see  such  comets. 

6.  Let  now  the  velocity  of  A  be  resolved  into  two  parts  by 
the  parallelogram  of  motions,  one  component  along  AS,  and 
one  at  right  angles  to  AS.  The  part  at  right  angles  to  AS 
will  be  very  small  compared  with  th'e  parabolic  velocity  for  the 
point  A.  Otherwise  the  comet,  whatever  is  the  curve  it  is 
describing,  would  go  around  the  sua  at  a  great  distance,  and 
would  b^ong  to  the  class  of  comets  that  are  always  invisible 
to  us  and  with  which  we  have,  therefore,  nothing  to  do. 

7.  Consider  a  large  number  of  comets  passing  through  the 
point  A,  or  rather  shot  from  the  point  A.  Through  S  druw  a 
plane  perpendicular  to  AS,  and  on  that  plane  draw  a  circle 
whose  radius  is  twice  the  radius  of  Mars'  orbit.  That  plane 
and  circle  we  may  regard  as  a  target  at  which  the  several 
cometio  masses  may  be  regarded  as  launched.  Only  those 
whose  velocities  perpendicular  to  AS  are  small  will  strike 
within  the  circle,  and  so  coming  nearer  to  the  sun  than  Mars 
will  form  part  of  the  group  of  comets  which  we  know  any- 
thing about 
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8.  Besides  these  we  must  suppose  that  there  is  a  large  num- 
ber of  cometic  masses  which  will  strike  the  plane  outside  of 
the  circle.  If  there  is  any  law  of  distribution  of  the  initial 
directions  and  velocities  of  the  masses  at  A,  that  law  will  be 
exhibited  in  the  distribution  of  the  points  of  impact  with  the 
plane.  Thus  if  like  the  principal  members  of  the  solar  system 
the  masses  leave  A  with  a  velocity  belonging  to  a  circular 
orbit,  nearly  at  right  angles  to  AS,  and  nearly  in  the  plane  of 
the  solar  system,  then  the  points  of  impact  in  the  target  plane 
will  be  near  each  other  at  a  distance  from  S  equal  to  AS ;  for  the 
masses  will  describe  circles,  approximately.  Again,  if  the  masses 
pass  through  A  on  their  way  rrom  the  stellar  spaces  and  so  have 
motions  that  bear  no  relations  to  the  motions  of  the  solar  system, 
then  the  distribution  of  the  points  of  impact  on  the  target  plane 
ought  if  numerous  enough  to  be  uniform  about  the  pomt  S. 

9.  In  any  case  the  area  of  the  points  of  impact  ought  to  be 
large  compared  to  the  area  of  the  circle  above  described.  The 
initial  velocities  perpendicular  to  AS  must,  if  small,  be  differ- 
ences, or  small  resiauals  of  larger  opposing  velocities.  Thus,  if 
the  masses  were  parts  of  the  original  solar  nebula,  their  normal 
motion  by  all  the  analogies  of  the  system  should  be  in  circles. 
For  some  reason  these  masses  never  had  much  projectile  veloc- 
ity perpendicular  to  AS,  or  else  they  have  lost  most  of  it  The 
forces  producing  this  might  as  easily  have  caused  the  small 
residual  velocity  to  take  any  direction  whatever  normal  to  AS. 
An  important  deduction  may  be  thus  stated.  If  any  where  in 
the  laj^e  area  of  the  target  plane  over  which  the  points  of 
impact  are  distributed,  a  small  circle  be  described,  the  distribu- 
tion of  the  points  within  the  circle  must  be  nearly  uniform. 
If  AS  is  large  then  the  circle  above  described  about  S  as  a 
center  will  be  relatively  a  small  circla  Divide  this  circle  by 
eighteen  diameters  into  thirty-six  equal  parta  Each  of  these 
parts  should  contain  equal  numbers  of  the  points  of  impact 

10.  Take  now  one  of  these  diameters  as  an  initial  line,  and 
the  p^lane  passing  through  it  and  AS  as  the  plane  of  referenca 
Consider  the  orbits  corresponding  to  the  points  of  impact  of 
the  two  ten-degree  sectors  that  lie  each  side  of  the  positive 
half  of  the  initial  diameter.  The  inclination  of  these  orbits  to 
the  reference  plane  will  be  between  0°  and  10*^. 

The  orbits  corresponding  to  the  points  of  impact  in  the  two 
sectors  next  beyond  (one  on  each  side)  will  have  inclinations 
between  10**  and  20°;  and  so  on,  up  to  180**.  Hence,  the 
numbers  of  orbits  whose  inclinations  to  any  arbitrarily  selected 
plane  passing  through  AS  are  within  each  decade  of  degrees 
mm  0"^  to  180**  should  be  equal:  in  other  words,  where  AS  is 
large,  the  distribution  of  the  inclviatums  of  the  orbits  through  the 
two  right  angles  should  be  uniform. 
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11.  But  if  AS  is  not  large  the  above  stated  coiiclnsion  (10) 
would  not  hold  true.  Thug  if  the  comets  came  from  the 
region  between  Mars  and  Jupiter,  being,  for  example,  asteroids 
BOmehow  thrown  out  of  the  usual  region  of  the  asteroid  orbita, 
the  total  area  of  the  impacts  in  the  target  plane  would  not  be 
large  relative  to  a  circle  whose  radius  ia  equal  lo  the  diameter 
of  the  orbit  of  Mars.  The  distribution  of  the  iuclinations  of 
the  orbits  would  in  that  caae  naturally  exhibit  some  evidence 
of  the  law  of  distribution  of  the  original  motions. 

12.  Suppose,  howerer,  that  the  cometic  masses  are  made 
from  the  more  distant  matter  of  the  solar  nebula,  matter  that 
should  perhaps  have  gone  to  form  a  planet  outside  of  the  orbita 
of  known  planets.  The  masses  must  be  supposed  to  come  from 
points  in  or  near  the  plane  of  the  solar  system,  which  for  present 
purposes  may  be  regarded  as  the  ecliptic.  Referring  their 
inclmations  to  that  plane,  those  inclinations,  for  reasons  like 
those  given  above  (10),  should  have  been  originally  uniformly 
distributed  through  the  two  right  angles  from  0°  to  180°.  The 
aphelia  of  the  orbita  should  all  have  been  near  the  ecliptic, 

13.  But  suppose,  on  the  other  hand,  that  the  cometic  masses 
are  made  from  the  matter  in  the  stellar  spaces.  The  points 
from  which  they  approach  the  sun  are  no  longer,  as  under  the 
other  supposition,  poiuts  in  or  near  the  ecliptic.  These  pointf 
are  scattered  over  the  heavens  uniformly.  For,  only  thoae 
masses  whose  moliojis  through  space  are  very  nearly  equal  to 
the  sun's  motion  can  come  within  sight  of  the  earth.  The 
small  residuals  that  represent  the  relative  motions  of  comet  to 
sun  must,  therefore,  by  reason  of  their  smallness  be  nearly 
independent  of  original  absolute  motions,  and  bence  the  pointe 
of  origin  should  be  equally  distributed  over  the  heavens.* 

14.  If  now  we  consider  a  very  large  number  of  orbits  and 
draw  lines  through  the  sun  at  right  angles  to  the  plane  of  each 
orbit,  the  points  where  these  lines  meet  the  celestial  sphere  will 
be  the  poles  of  the  planes  of  the  orbits,  and  their  distribution 
over  the  heavens  must  be  uniform.  For  the  directions  from 
which  comets  enter  the  solar  system  are  uniformly  distributed 
(13),  and  the  poles  for  any  direction  of  the  line  AS  are  uni- 
formly distributed  (10)  about  that  line.  Hence  there  is  no 
reason  why  there  should  be  more  poles  in  one  part  of  the 
heavens  than  in  another. 

15.  If  we  refer  these  orbits  (14)  to  the  ecliptic,  the  inclina- 
tion of  any  orbit  to  the  ecliptic  will  be  equal  to  the  distance  of 
the  two  poles  from  each  other,  the  pole  of  the  orbit  from  the 
pole  of  the  ecliptic.     If  we  divide  tne  surface  of  the  celestial 

*  Prof.  SehispHrelli  by  introdudng  (improperly,  as  \  am  ware  he  will  coneode) 
the  motion  of  the  Bun  in  apace  was  led  to  decide  against  a  foreign  origin  for  comets. 
See  Analyat,  I,  p.  80. 
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sphere  into  18  zones  by  parallels  of  latitude  at  even  decades 
of  d^rees  from  4-80°  to  —80°,  then  the  orbits  whose  positive 
poles  lie  in  the  northernmost  segment  will  have  inclinations  less 
than  10**.*  The  orbits  whose  positive  poles  lie  in  the  next 
zone  will  have  inclinations  between  10°  and  20°,  and  so  on  up 
to  180°.  Hence  the  numbers  of  the  orbits  whose  inclinations 
to  the  ecliptic  are  included  in  the  successive  decades  of  degrees 
will  be  as  the  areas  of  the  zones.  But  these  zones  are  as  the 
sines  of  5°,  15°,  25°,  etc.  Therefore  we  conclude  that  if  the 
comets  come  from  the  stellar  spaces  their  original  orbits  should 
have  been  so  distributed  that  the  numbers  of  orbits  whose 
inclinations  to  the  ecliptic  fall  in  the  successive  degrees  from 
0°  to  180°,  should  have  been  proportional  to  the  sines  of  incli- 
nations. The  distribution  of  the  aphelia  would  have  been  uni- 
form over  the  heavens.  Hence  their  relative  frequency  at  dif- 
ferent latitudes  would  have  been  as  the  cosines  of  the  latitudes. 

17.  We  may  represent  the  distribution  of  the  inclinations  by 
a  diagram.  Let  tne  axis  of  abscissas  (fig.  1)  extend  from  0°  to 
180°,  and  upon  this  describe  the  first  half  cycle  of  the  curve  of 
sines,  y^a  sin  x.  Draw  also  the  straight  line,  AB,  parallel  to 
the  axis  of  abscissas,  y=^  The  ordinates  of  the  two  lines 
represent  the  original  distributions  of  the  inclinations  from  0° 
to  180°  of  a  given  number  of  orbits  according  to  the  two  theo- 
ries. The  aphelia,  according  to  one  theory,  are  distributed  in 
latitude  as  the  cosines  of  the  latitudes,  in  the  other  they  are  all 
in  the  ecliptic. 

18.  If  the  comets  came  from  the  stellar  spaces  their  original 
orbits  were  hyperbolas.  If  they  originated  from  our  system 
they  were  ellipses.  In  either  case  if  their  origin  was  very  dis- 
tant the  orbits  would  have  differed  so  little  from  parabolas  that 
the  deviations  in  portions  visible  to  the  earth  would,  in  general, 
be  covered  up  by  the  ordinary  errors  of  our  observations.  If 
the  orbits  had  remained  unchanged  by  perturbations  the  ques- 
tion of  origin  would  be  simply  decidedf  by  determining  whether 
the  orbits  are  now  elliptic  or  hyperbolic.  But  the  hyperbolic 
orbits  might  be  changed  by  a  resisting  medium  (if  there  is  one) 
into  ellipses,  and  perturbations  by  a  large  planet  may  change 
ellipses  into  hyperbolas,  or  hyperbolas  into  ellipses.  If  there 
is  any  known  orbit  of  a  comet  that  is  beyond  question  hyper- 
bolic, and  its  path  was  such  that  in  approaching  the  sun  at  its 
present  appearance  it  did  not  so  pass  near  to  a  large  planet  as 
to  have  its  velocity  thereby  increased,  then  that  comet  at  least 
must  be  regarded  as  coming  to  us  from  the  stellar  spaces.     Hy- 

Eerbolic  on)its  have  been  assigned  to  certain  comets,  but  is  the 
yperbolic  character  of  any  of  them  not  open  to  reasonable 

^  By  positiye  pole  is  meant  that  pole  from  which  the  comet's  motion  appears  to 
be  opposed  to  the  motion  of  the  hands  of  a  watch. 
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ohftllenge?  On  the  otber  httud,  if  the  comets,  or  any  of  them, 
originate  within  the  solar  siyatem,  and  not  at  a  great  distance 
from  the  sun,  their  orbits  would  be  short  ellipses,  and  tbeir 
motions  might  be  expected  to  be  eomewbat  tike  those  of  the 
planets.  The  fact  that  most  of  the  periodic  comets  move  in 
orbits  of  sraall  inclinations  to  the  ecliptic,  it  mu8t  be  admitted, 
ia,  till  otherwise  explained,  a  very  strong  argument  that  they, 
at  least,  always  formed  part  of  the  solar  nebnia. 

19.  The  onginal  distributions  of  the  aphelia  and  of  the  inclin- 
ations were  stated  above.  But  the  comet  becomes  subject  to 
perturbations,  and,  if  it  was,  or,  if  it  becomes  a  permanent 
member  of  the  system  then  the  pertnrbaiions  may  accumulate 
BO  as  to  destroy  or  conceal  the  original  law.  It  is  not  easy  to 
give  useful  espreBsioQS  for  the  secular  perturbations  for  an 
orbit  of  large  exceutricity  and  inclination.  But  the  general 
tendency  of  the  forces  would  seem  to  resemble  somewhat  that 
of  their  action  upon  the  moon  and  the  planets.  Here  the  line 
of  ftpsides  has  a  progressive  secular  motion,  while  the  inclina- 
tion remains  quite  constant.  The  effect  of  a  resisting  medium, 
if  one  exists,  would  be  to  shorten  the  periodic  lime  and  to  leave 
the  plane  of  the  orbit  unchanged.  The  effect  upon  the  line  of 
apsides  would  not  be  large. 

20.  The  present  distribution  of  the  apbelia  is  not  critical 
between  the  two  hypotheses.  For  progression  of  the  line  of 
apsides  would  in  lime  distiibute  the  aphelia  of  the  orbits  if 
either  hypothesis  be  true  pretty  uniformly  over  the  heavens. 
The  actual  distribution  at  the  present  time  of  the  aphelia  in 
latitude  for  known  orbits  is  veiy  nearly  as  the  cosine  of  the 
latitude.  The  principal  exception  is  a  alight  excess  of  num- 
bers in  the  small  latitudes.  One  conclusion  may  be  safely 
inferred  from  this  thorough  distribution  over  the  heaTcns ; 
that  is,  that  if  Kant's  hypothesis  be  true,  the  period  of  past 
time  since  the  comets  were  aggregated  and  made  to  describe 
these  long  orbits  has  been  a  very  great  one,  and  the  process  of 
disintegration  of  comets  is  a  very  slow  one.  These  facts,  so  far 
as  they  have  force,  favor  the  foreign  origin  of  cometa 

21.  The  general  effect  of  small  perturbations  of  a  planet 
upon  the  orbits  of  comete  would  be  to  increase  the  inclination 
of  some  and  diminish  that  of  others. 

If  a  comet  passes  Jupiter  on  one  side  the  inclination  may  be 
increased.  Tnis,  however,  is  balanced  by  the  diminution  of 
the  inclination  of  another  comet  moving  in  a  parallel  path  on 
the  opposite  side  of  the  planet,  or,  if  you  please,  by  one  com- 
ing on  the  same  side  of  Jupiter  but  from  the  opposite  direc- 
tion. The  total  effect  would  at  first  sight  seem  to  be  neither 
to  increase  nor  diminish  the  average  inclinations. 

22.  The  present  actual  distribution  of  the  iDclinatioua  ia 
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then  of  such  import  as  to  be  carefully  considered.  From  the 
list  of  known  cometic  orbits  I  have  rejected  those  for  which 
the  data  on  which  they  were  computed  seemed  to  me  to  be  too 
slender  to  furnish  an  orbit  worth  retaining  in  the  present  inyes- 
tigation.  There  remained  the  following  247  oroits,  arranged 
in  the  table  according  to  their  inclinations,  which  are  statea  to 
the  nearest  d^ree. 

Table  shomng  the  indications  of  the  known  cometic  orbits. 


Tear. 

Ine. 

Tear. 

Ine. 

e 

32 

Tear. 

Ine. 

e 

56 

Tear. 

Ine. 

o 

83 

Tear. 

Ine. 
102 

Tear. 

Ine. 

o 

124 

Tear. 

Ine. 

1743 

e 

3 

1566 

1845 

1672 

1871 

1739 

1857 

e 

142 

inio 

2 

1779 

32 

1790 

57 

1774 

83 

1877 

102 

1857 

124 

1843 

144 

1678 

3 

1811 

32 

1802 

57 

1863 

83 

1799 

103 

1824 

125 

1806 

145 

1844 

3 

1874 

32 

1804 

57 

1846 

85 

1665 

104 

1780 

126 

1825 

146 

568 

4 

1532 

33 

1840 

58 

1849 

85 

1823 

104 

1822 

126 

1847 

147 

1703 

4 

1661 

33 

1874 

58 

1861 

85 

1577 

105 

1827 

126 

1870 

147 

1585 

6 

1857 

33 

1680 

60 

1863 

85 

1821 

106 

1764 

127 

1718 

149 

1746 

6 

1874 

34 

1773 

61 

1863 

85 

1842 

106 

1822 

127 

1770 

149 

1834 

6 

1618 

37 

1810 

62 

1762 

86 

1558 

107 

1596 

128 

1790 

149 

1833 

7 

1851 

38 

1853 

62 

1593 

88 

1811 

107 

1784 

129 

1590 

150 

1S69 

7 

1737 

39 

1807 

63 

1857 

88 

1847 

108 

1797 

129 

1846 

151 

1766 

8 

1826 

40 

1863 

64 

1707 

89 

1854 

109 

1799 

129 

1781 

153 

1819 

9 

1850 

40 

1580 

65 

1825 

89 

1864 

110 

1855 

129 

1877 

153 

Tern. 

10 

1769 

41 

1788 

65 

1818 

90 

1699 

111 

1723 

130 

1855 

157 

Fbye 

11 

1852 

41 

1684 

66 

1826 

91 

1869 

112 

1792 

131 

1664 

159 

Win. 

11 

1854 

41 

1874 

66 

1865 

92 

1742 

113 

1844 

131 

1801 

159 

1771 

11 

1874 

42 

1748 

67 

1871 

92 

1863 

113 

1845 

131 

1813 

159 

Boe. 

13 

1816 

43 

1849 

67 

1785 

93 

1854 

114 

1862 

131 

1858 

169 

Biela 

13 

1798 

44 

1849 

67 

1748 

95 

1862 

114 

1787 

132 

1853 

160 

1757 

13 

1815 

45 

1758 

68 

1683 

96 

1796 

115 

1868 

132 

HaL 

162 

Tern. 

13 

1844 

46 

1850 

68 

1848 

96 

1790 

116 

1743 

l:i4 

1866 

163 

1854 

14 

1744 

47 

1785 

70 

1859 

96 

1877 

116 

1808 

134 

1864 

163 

jyAr. 

16 

1845 

47 

1763 

73 

1873 

96 

1818 

117 

1506 

135 

837 

164 

1737 

18 

1846 

47 

1812 

74 

1847 

97 

1858 

117 

1830 

135 

1698 

168 

1867 

18 

1783 

48 

1851 

74 

1854 

97 

1582 

119 

1864 

136 

1788 

168 

1847 

19 

1860 

48 

1729 

77 

1867 

97 

1853 

119 

1827 

136 

1855 

170 

1818 

20 

1847 

49 

1877 

77 

1871 

98 

565 

120 

1832 

137 

1835 

171 

1618 

21 

1864 

49 

1863 

78 

1813 

99 

1793 

120 

1701 

138 

1862 

172 

1830 

21 

1846 

50 

1652 

79 

1870 

99 

1840 

121 

1798 

138 

1759 

175 

1695 

23 

1786 

51 

1759 

79 

1874 

99 

1857 

121 

1861 

138 

1472 

178 

1858 

23 

1793 

52 

1860 

79 

1847 

100 

1877 

121 

1862 

138 

1864 

178 

1836 

26 

1840 

53 

I860 

79 

1858 

100 

1846 

122 

1337 

139 

Bror. 

29 

1843 

53 

1840 

80 

1433 

101 

1853 

122 

1766 

139 

1873 

30 

Tottle 

54 

1861 

80 

1677 

101 

1870 

122 

1792 

140 

1846 

30 

1706 

55 

1819 

81 

1747 

101 

1873 

122 

1808 

141 

1686 

31 

1824 

55 

1781 

82 

1827 

102 

1825 

123 

1822 

142 

28.  The  usual  method  of  arranging  these  inclinations  for  use 
and  exhibition  in  a  diagram  is  to  divide  the  180°  into  suita- 
ble equal  divisions,  and  count  the  number  of  comets  in  each 
division.  Another  method  seemed,  however,  better  suited  to 
the  present  purpose,  and  as  it  is  believed  to  be  well  adapted  to 
many  similar  discussion.<3,  I  describe  it  as  briefly  as  possible. 
Each  orbit  is  represented  by  the  area  of  a  probability  curve  of 


ITS 
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such  parameter  as  was  judged  suitabla  In  the  present  diacoB- 
sion  in  the  equation  of  the  curve  y=ce-A'»',  I  assumed  h  =  Q% 
This  makes  Ine  average  removal  of  the  area  from  the  central 
ordinate  leas  than  3°.  The  area  for  one  orbit  at  an  inclination 
of  90°  is  represented  in  fig.  I.  at  the  bottom  of  the  figure.  A 
similar  area  is  assigned  to  each  one  of  the  247  orbits  and  ia 
supposed  to  be  placed  centrally  on  the  ordinate  correapondiog 
to  its  inclination.  The  total  ordinate  for  any  abscissa  is  the 
8um  of  the  eorresfjonding  ordinates  of  these  several  small 
areas.  The  result  ia  exhibited  in  the  figure  by  the  upper 
irregular  curved  line.  The  line  cannot  be  carried  within  two 
or  three  degrees  of  the  extreme  oidinates  wilhont  some  assump- 
tion of  numbers  beyond  0°  and  180°  in  the  original  table,  and 
such  assumption  is,  of  course,  not  allowable. 

Tig.  1 :  l>umiing  the  Ouorelical  ami  Ous  toeiai  dUttHratioiu  of  the  iadmaiumt  of  tkt 


24.  The  periodic  comets  form  so  peculiar  a  group  that  it  was 
well  to  separate  them  from  the  rest  There  are  thirteen  such 
comets,  if  we  add  to  the  ten  certainly  seen  at  different  returns 
the  comet  of  the  November  meteors  {1866  I,  seen  undoubtedly 
in  1366),  Lexell's  comet,  (1770  II),  and  Di  Vieo's,  (1841  I). 
The  shaded  area  is  the  part  contributed  by  these  thirteen 
comets,  and  the  lower  curved  line  represents  the  distribution 
for  the  remaining  comets. 

We  have  then  in  the  line  AB,  fig.  1,  the  expression  of  the 
law  of  original  distribution  of  the  inclinations  required  by  the 
hypothesis  of  Kant ;  in  the  smooth  curve,  or  curve  of  sines,  that 
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of  the  law  of  distribution  required  by  the  hypothesis  of  Laplace ; 
and  in  the  irregular  curves,  the  actual  present  distribution  of 
247,  and  284,  known  orbits.  Does  the  present  fact  most 
favor  the  one  hypothesis,  or  the  other  ?  The  smaller  irregular- 
ities of  the  curve  are,  of  course,  due  to  chance.  But  there  are 
certain  large  differences  between  the  fact  and  each  hypothesis 
which  show  either  systematic  action  of  perturbations,  or  else 
that  neither  hypothesis  as  stated  is  exclusively  true.  The  form 
of  the  question  may  be  this :  after  allowing  for  any  perturba- 
tions and  principles  of  selection  that  have  acted  on  the  orbits 
of  known  comets,  would  the  curve  of  fact  in  the  figure  agree 
most  nearly  with  the  one,  or  with  the  other  hypothesis  ? 

25.  There  may  be  some  principle  of  selection,  some  cause 
why  it  is  easier,  or  harder,  to  discover  comets  of  small  inclina- 
tions than  those  nearly  perpendicular ;  or  those  of  direct  than 
those  of  retrograde  motion&  But  I  have  not  been  able  to 
establish  the  action  of  any  such  principle.  The  perturbations 
only  will  therefore  be  considered. 

If  the  comets  come  from  without,  and  are  now  permanent 
members  of  the  solar  system,  as  many  of  them  certainly  are, 
their  velocities  for  given  distances  from  the  sun  have  been 
diminished  by  perturbations.  If  this  diminution  is  due  to  a 
resisting  medium  there  is  no  resulting  effect  upon  the  inclina- 
tions of  the  orbits :  but  if  by  comets  passing  near  to  planets 
the  inclinations  are  in  general  changed.  In  an  individual  case 
the  effect  may  be  to  increase,  or  it  may  be  to  diminish  the 
inclination.  Which  effect  is  most  frequent?  We  can  only 
consider  the  average  result,  treating  the  orbits  statistically  rather 
than  individually. 

26.  If  the  planets  and  sun  were  fixed  centers  of  force  they 
could  not  change  by  their  attraction  a  comet's  orbit  from  an 
open  into  a  closed  curve.  It  is  only  to  the  motion  of  a  planet 
that  the  change  is  owing.  Let  a  comet  in  its  orbit  come  near 
to  Jupiter,  for  instance.  If  it  passes  in  front  of  Jupiter,  the 
comets  potential  relative  to  the  mass  of  Jupiter  and  the  sun 
is  increased  without  any  corresponding  increase  by  Jupiter's 
attraction  of  its  velocity.  If  it  passes  behind  Jupiter,  then  its 
potential  is  diminished  by  Jupiter's  motion  without  any  corres- 
sponding  decrease  of  velocity  . 

About  Jupiter  let  there  be  described  a  series  of  level  surfaces 
at  e(]ual  differences  of  potential.  Then  Jupiter's  motion  in  his 
orbit  will  carry  some  oi  these  spherical  surfaces  past  the  comet. 
The  difference  between  the  number  of  spheres  entered  and  the 
number  left  by  virtue  of  Jupiter  a  motion^  expresses  the  decrease 
of  the  square  of  the  comet's  velocity.  The  surfaces  are  closer 
to  each  other  near  to  Jupiter.  Hence  the  decrease  depends  on 
the  nearness  of  approach  of  the  comet  to  Jupiter,  and  is  proper- 
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tional  to  the  amount  of  Jupiter's  motion  normal  to  tbe  a 

direction  of  the  relative  orbit 

[This  is  more  definitely  shown,  if  desired,  and  tbe  quantity 
of  the  chapge  ia  found  by  aolving  the  equations  of  motion  for 
this  cose.  Let  a  be  the  utiit  of  distanoe.  /the  sun's  attraction 
at  the  uuil  of  distance,  v  tbe  velocity  of  the  comet  in  its  orbit 
about  the  sun,  r  and  r^  the  distances  of  the  comet  from  the  aun 
and  Jupiter,  and  m  the  mass  of  Jupiter  (sun'e  mass  =  1) ;  then  if 

any  change  in  P  will  evidently  change  the  periodic  time  of  the 
comet  in  its  elliptic  orbit,  or  by  diminution  of /*the  orbit  may 
change  from  an  hyperbola  to  an  ellipse. 

Let  now  i:,  y,  s,  be  the  coordinates  of  the  eomet  relative  to 
the  sun,  i,,  5,,  e,.  of  the  planet  relative  to  the  sun,  x^,  yo<  'o,  of 
the  comet  relative  to  the  planet;  so  that  a:  =  a;,+ a^j,  y  =  !/i+  Va, 
and2  =  s,+  a^h  Neglecting  tbe  comet's  mass  we  have  for  the 
equations  of  motion, 


Multiplying  by  2dx,  2dy,  and  2dz,  adding  and  observinj^  that 
dx  =  (ixi  +  dx^  dy  =  dyx  +  rfyo.  dz  =  dzt  +  di^  we  have  by  re- 
duction, 

dP_      Sfw/aV  X,  ^1  ,    ffo.  ^1   1  3.  ^i\ 

"^~  K~\r^'^      ~r\dt'^  r.  dt) 

=  •- im/d'/ g„  dx        y^^dy,      j^ dz,\dt, 

~^\V,  ^,  "*"  "t^  *",      77  dsj'dt' 

where  ds,  is  tbe  element  of  Jupiter's  orbit  about  the  sun,     Tbe 

quantity  in  the  parenthesis  is  the  cosine  of  the  an^le  at  tbe 

planet  between  the  comet's  radius  vector  and  tbe  direction  of 

Jupiter's  motion,  which  angle  we  may  denote  by  ^     Tbe  factor 

-^  is  the  planet's  velocity  in  its  orbit,  which  may  be  denoted 
by  Vi.     Then  we  have, 

dP  itn/a\ 

The  integral  for  P  for  tbe  time  that  the  comet  is  within  the 
sphere  of  Jupiter's  special  action  (that  is,  while  the  comet  may 
be  treated  as  moving  in  a  hyperbolic  orbit  about  Jupiter,  and 
the  sun  only  as  a  perturbing  body),  gives  the  change  in  P 
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due  to  Jupiter's  motion.  Let  Vq  be  the  comet's  relative  velocity 
OD  entering  the  sphere  of  Jupiter's  action,  and  p^  the  perpen- 
dicular from  Jupiter  on  its  relative  path  at  that  time.  From 
Kepler's  law  r^dO  =  p^jo^i,  where  0  is  the  angle  in  the  plane  of 
the  comet's  relative  orbit  defining  the  place  of  the  comet  Dur- 
ing the  time  of  the  comet's  transit  past  Jupiter  his  motion  may 
be  regarded  as  in  a  straight  Una  Project  that  line  on  the  plane 
of  the  comet's  relative  orbit,  let  0  be  counted  from  this  projection, 
and  call  the  angle  of  projection  A.  Then  cos  tp^  =  cos  d  cos  0^ 
and  we  have, 

p^v^dFzzz  —  2m/a't;j  cos  6  cob  Odd. 

Denoting  the  total  change  of  P  by  J,  and  the  first  and  last 
values  of  0  by  0'  and  0'\  we  have, 

p^v^  A  =z  2fn/a*v^  cos  6  (sin  ^—  sin  G') 

=  imfa^v^  cos  <y  COB  J  (0'+  (f)  sin  i  (^—  ^). 

But  tf"—  tf'  is  the  change  of  direction  of  the  comet's  radius 
vector,  and  is  approximately  that  angle  of  the  asymptotes  of  the 
bvperbolic  orbit  which  encloses  the  curve.  Denote  it  by  2a, 
oQservin^  that  sin  a  will  in  general  be  not  much  different  from 
unity.  Again  i(tf'+  tf")  is  the  angle  defining  the  perijove  of 
the  comet's  orbit,  and  cos  J  cosi(tf'+  d")  =  cos^,  where  f  is  the 
angle  between  the  direction  of  Jupiter's  motion  and  the  direction 
from  Jupiter  of  the  transverse  axis  of  the  comet's  orbit    Hence, 

,  4m/a*». 

zi  = cos  a)  sm  a. 

That  is,  the  total  decrease  in  the  kinetic  energy  of  a  comet  caused  by 
the  perturbing  action  of  a  planet  during  the  transit  of  the  comet  past 
tlie  planet  is  proportional  to  the  coniinu^  product  of  the  momentum  of 
the  planet  (mV}),  the  cosine  of  half  the  angle  ttirough  which  the  comet  s 
direction  is  changed  by  the  planet  (sin  a),  the  cosine  of  the  angle  at 
the  planet  between  the  direction  of  the  planets  motion  and  tlie  trans- 
verse axis  of  the  comets  relative  orbit  (cos  ip\  and  the  reciprocal  of 
the  constant  area  described  in  the  unit  of  time  by  the  comet  in  its 
relative  orbit  i^-^PoVoY] 

27.  Let  CSP  (fig.  2)  be  a  triangle  on  the  celestial  sphere, 
C  and  P  beine  the  points  from  which  the  comet's  and  planet's 
motions  are  directea  when  they  are  near 
each  other,  and  S  the  direction  of  the  sun 
from  the  planet.  If  the  planet  be  regarded 
as  describing  a  circle  in  the  ecliptic,  then 
SP  is  a  quadrant,  and  CSP  is  the  incli- 
nation of  the  comet's  orbit  Denote  CSP 
by  t,  OP  by  oi,  and  CPS  by  p.  CP  will 
be  greater  or  less  than  a  quadrant  according  as  S  or  i  is  greater 
or  less  than  a  right  angle,  and  by  trigonometry  tan  t=sin  ^tan  oi. 
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If  we  aiinpoee  a  lat^e  number  of  comets  to  approacb  the  planet 
so  that  toe  value  of  cu  ia  conulnnt  but  so  that  tlie  points  from 
vbich  tlieir  motions  are  directed  are  equably  distributed  on  the 
circumference  of  tbe  small  circle  wbose  pole  is  P,  and  wbose 
distance  from  P  is  o>,  tben  evidently  tbe  mean  value  of  tan  i  is 
1    y^  2 

—  /     tan <it  sin jSfi^,  that  ia  —  tan  w*     Therefore  the  greater 

tbe  algebraic  value  of  tan  ai,  the  greater  that  of  the  mean  value 
of  tan  i.  Ilenoe,  also,  ibe  gieater  the  value  of  a>  between  0"  and 
180°  the  greater  the  mean  value  of  t,  between  the  same  limits. 
Therefore  we  may  conclude  that  wheti  the  perturbiug  action  of 
a  pland  upon  neighix/ring  coinets  increases  the  angle  between  the 
dinxttons  of  Oie  motione  of  Ike  comets  and  of  the  planet,  that  action 
tends  likewiee  in  the  mean  to  increase  tiie  inclination  of  the  comets' 
orbits  to  the  plane  of  the  pUineta  orbit,  and  conversely. 

28.  Suppose  now  that  a  comet  passes  through  the  sphere  of 
a  planet's  action.  Denote  the  planet's  velocity  by  r,,  tbe 
comet's  relative  velocitv  on  entering  and  on  leaving  tbe  sphere 
by  f(H  the  comet's  absolute  velocity  on  entering  the  sphere  by 
V,  and  on  leaving  the  sphere  by  v',  the  angle  which  tbe  comets 
absolute  motion  makes  with  that  of  the  planet  on  entering  the 
sphere  by  «*,  and  on  leaving  the  sphere  by  at'.  Let  also 
2'V=i'+f',  and  %d=v—v'.    Then  by  composition  of  motion^ 

i;,'=»j,'+h'  — 2o,t>  eo8  (»=w,*+(V+rf )'— 2tt,(V+rf)  ooa  <»--JU 
—  w,'-f-v"— 2u,w'co8  &/=u,'+(V""rf)'— 2«,(V— (?)  cos  m'. 
Hence  reducing,  we  have 

COS«-  C0B«=_^_^j(V-„,C08<«). 

If  now  the  action  of  the  planet  is  to  diminish  v,  both  Y—d  and 
d  are  positive,  and  the  sign  of  cos  «»— cos  w'  depends  upon  that 
of  V— v,c08(u.  Hence  w  ia  increased  by  that  action  when 
V— Vi  cos  a>  ia  positive. 

If  ai^-SO"  this  quantity  is  positive,  and  at  tbe  same  time 
t>90°  (27).  Since  the  action  of  the  planet  is  to  increase  w,  the 
resulting  value  of  i  exceeds  90°.  Therefore,  when  the  inclination 
of  a  comet's  orbit  is  greater  than  90°,  and  the  velocity  of  the  comet  is 
reduced  by  the  perturbing  action  of  a  planet  near  to  which  it  comes, 
the  orbit  after  the  perturbation  has  an  inclination  greater  than  90°  ; 
and,  if  a  large  number  of  cases  be  considered,  the  mean  effect  of  the 
perturbations  is  to  increase  the  inclinations. 

29,  Again,  for  a  comet  moving  in  a  parabolic  orbit  we  have 
v=Viy/2.  Hence,  'V=i(v+t;')>iii  cos  45°,  and  V—fiCOS  to  ia 
pasitive  when  «»>45°.  Therefore,  whenever  any  comet  moving 
in  a  parabolic  orbit  pa'ses  near  to  a  planet  and  by  the  planet's 

*  The  integTat[aD  ehould  not  eilend  to  tbe  second  semicircle,  since  the  comets 
CDmepondinft  thereto  beloDK  to  the  other  node. 
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action  has  its  velocity  diminished^  the  angle  heitoeen  the  directions 
of  the  motions  of  the  two  bodies  about  the  sun  is  increased  in  all 
cases  in  which  that  angle  is  at  first  greater  than  46®. 

80.  Again,  when  ca  is  less  than  45°,  and  the  planet  before 
disturbance  moves  in  a  parabola  so  that  v  =  i;iv/2,  then 
V— Vi  cos  w  is  positive  for  all  values  of  w  unless  Y<CVi,  that  is, 
unless  v4-t;'<2vi,  in  other  words  2cC>2vi(v/2-l)=0-828ri. 
Therefore,  when  a  planet  overtaken  by  a  comet,  the  directions  of 
their  motions  differing  less  than  46°,  has  its  velocity  diminished^ 
that  difference  of  direction  will  be  increased  unless  the  comet  comes 
so  near  to  the  planet  as  to  lose  by  its  perturbing  action  a  part  of  its 
velocity  at  least  equal  to  about  ^ths  of  the  planets  velocity. 

81.  Therefore,  it  is  only  in  exceptional  cases  (28,  29,  80) 
that  the  shortening  by  a  planet's  action  of  the  periodic  time  oi 
a  comet  moving  m  an  orbit  of  long  period  is  not  connected 
with  an  increase  of  the  angle  of  divergence  of  the  two  motions, 
and  a  consequent  tendency  to  increase  the  inclination  of  the 
two  orbits.     In  the  exceptional  cases  the  comet  overtakes  the 

Elanet,  passes  around  close  to  and  in  front  of  it,  and  is  thus  left 
ehind  with  an  absolute  velocity  and  hence  a  periodic  time 
much  less  than  that  of  the  planet,  and  with  a  direct  motion. 

82.  On  the  other  hand,  for  given  values  of  Vq  and  v^,  and 
a>>90°,  the  smallest  value  of  v'  corresponds  to  a>'=180°,  when 
t/=t;o— Vj.  If  the  comet  approaches  in  a  parabolic  orbit 
t;=t;j^2,  and  we  have  for  the  smallest  value  of  v', 

(t?'+t;/— 2rw,  cos  {»)*-r,=w,  ]  (3  — 2\/2  cos  g?)*— 1  L 

Hence  t/Xv/8— l)i;i=0*78t;i.  Therefore,  when  the  inclination 
of  a  comets  orbit  is  greater  than  90°,  and  it  approaches  the  planet 
in  a  parabolic  orbiij  it  leaves  the  vicinity  of  the  planet  with  an 
absolute  velocity  greater  than  j^\ths  of  the  velocity  of  the  planets 
velocity  in  its  orbit.  We  may  say  that  the  value  of  v',  when 
a>l>90°,  will  be  in  general  much  greater  than  Vj,  and  therefore 
may  conclude  that  the  comet  whose  inclination  exceeds  90°  will 
rarely  by  a  planet's  attraction  acting  during  a  single  passage 
be  reduced  from  a  parabolic  orbit  to  one  wnose  periodic  time 
is  less  than  that  of  the  planet 

88.  Apply  now  these  propositions  to  the  questions  stated 
above  (24).  If  comets  are  from  stellar  space  they  come  toward 
tbe  planets  at  first  a  trifle  faster  than  if  moving  in  a  parabola. 
If  one  of  them  does  not  lose  velocity,  or  if  passing  oehind  a 
planet  it  gains  velocity,  that  comet  goes  off  into  space  again 
never  to  return.  But  if  it  passes  in  front  of  a  large  planet, 
within  a  moderate  distance  of  it,  it  loses  velocity  enough  to 
remain  a  permanent  member  of  our  system. 

Most  observed  comets  have  on  this  hypothesis  thus  lost 
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velocity.  Wbat  proportion  hnve  not  depends  upon  how  fast 
th«  process  of  disintegration  of  cometa  goes  on.  If  thia  proeeas 
is  very  alow,  the  new  comers  on  our  list  should  form  a  smaller 
proportion  than  if  the  process  is  rapid.  But  it  has  been  seen 
that  in  the  process  by  which  they  lose  velocity  their  orbits 
have  their  inclinations  in  general  increased.  This  is  particu- 
larly true  for  the  inclinations  between  46°  and  135°,  for  the 
corresponding  comets  arc  more  likely  to  pass  directly  across  in 
front  of  the  planets.  Hent^e  in  fig.  1  we  ought  to  expect  on 
Laplace's  hypothesis  as  a  result  of  perturbaiions  an  increase  of 
the  ordinates  between  90°  and  185",  at  the  expense  of  the 
ordinatea  between  46"  and  90°. 

Again,  the  periodic  comets  form  a  marked  group  and  should 
probably  be  treated  separately.  Now  it  ia  reasonable  to  sup- 
pose that  a  large  part  of  the  area  between  0"  and  20°  lying 
below  the  shaded  area  is  due  also  to  comets  of  short  periods. 
Of  the  twenty-six  comets  in  the  table  whose  inclinations  are 
leas  than  20°,  nine  are  noted  as  periodic  and  furnish  the  shaded 
area  tear  A.  Of  seven  of  the  remainder,  viz :  1743  I,  1878, 
1685,   1766  II,  1819  IV,  1867  I  and  1847  V,  the  orbits  w)m- 

Euted  are  ellipses,  mostly  abort  ones,  but  the  comets  have  not 
een  certainly  detected  at  any  return.  Of  the  other  ten  about 
half  were  not  well  enough  observed  to  enable  us  to  say 
whether  their  periods  were  short  or  long.  It  is  probably  safe 
to  assume  that  the  area  between  the  curve  of  sines  and  the 
shaded  area  belongs,  up  to  20°,  to  comets  of  short  period. 
These  return  so  frequently  that  their  number  in  a  list  of 
observed  comets  is  out  of  aft  proportion  to  their  number  among 
existing  comets.  Whatever  theory  of  the  origin  of  this  group 
we  may  assume  they  should,  because  of  the  comparative  ease 
of  their  being  detected,  not  count  for  much  in  studying  the 
original  distribution  of  the  inclinations. 

Correct  then  the  curve  in  fig.  1  by  striking  off  the  surplus 
area  below  20°,  bringing  back  some  of  the  area  from  the 
second  into  the  first  quadrant  to  counteract  the  effect  of  per- 
turbation, and  the  result  corresponds  well  with  the  theoretical 
curve  of  sines,  especially  if  this  curve  is  slightly  reduced  in 
amplitude,  as  it  should  be,  because  of  the  removal  of  the 
periodic  comets.  We  therefore  conclude,  that  the  curve  of  fact 
does  agree  well  with  that  Ttquired  by  the  hypothesis  of  Laplace  if 
we  first  make  reasonable  allowance  for  known  perturbations, 
and  for  the  comets  of  short  periods. 

S4.  Can  the  facts  of  the  distribution  of  inclinations  be  ex- 
plained with  reasonable  suppositions  on  Kant's  hypothesis?  I 
think  not.  If  the  comets  are  from  matter  at  a  very  great  dis- 
tance from  the  sun  the  line  AB  should  represent  the  theory,  and 
the  decided  turn  of  the  curve  downward  towards  180'  seems 
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inexplicable.  The  same  is  true  for  the  downward  turn  of  the 
curve  near  A  when  the  comets  of  short  period  are  thrown  out, 
wholly,  or  in  part  The  effect  of  perturbation  should  be  to 
push  the  area  forward  towards  B. 

But  if  the  comets  come  from  matter  somewhat  nearer  to  the 
sun,  the  line  of  theory  should  start  above  A  and  run  out  below 
B.  The  perturbations  should  then  increase  some  inclinations 
and  decrease  others,  with  a  slight  tendency,  in  the  mean,  to 
increase  them.  For  the  comets  whose  times  are  decreased,  and, 
therefore,  whose  inclinations  are  increased,  would  return  more 
frequently  and  so  be  more  likely  to  appear  in  our  list,  while 
some  of  those  whose  inclinations  are  aiminished  would  go  off 
altogether.  But  the  perturbations  would  not  easily  remove  the 
excess  of  area  from  near  A  in  the  figure.  We  therefore  con- 
clude that  the  curve  of  fact  is  not  made  to  agree  with  the  hypothesis 
of  Kant  by  simple  and  reasonable  allowances  for  perturbations 

S6.  The  separate  ^roup  of  comets  of  short  period  may,  for 
aught  that  appears  m  this  discussion,  have  come  either  from 
material  of  tne  solar  nebula,  or  from  outside.  In  the  former 
case  they  would  seem  to  be  merelv  asteroids  turned  out  of 
the  region  between  Mars  and  Jupiter,  usually  occupied  by 
those  bodies.  If  they  came  from  outside  there  is  a  reason  for 
their  direct  motion  in  the  fact  that  only  comets  leaving  the 
neighborhood  of  Jupiter's  orbit  with  a  small  velocity  can  move 
in  these  short  periods,  and  only  comets  overtaking  Jupiter  can 
have  their  velocities  so  much  aiminished  in  a  single  approach 
to  the  planet.  It  is  to  be  considered,  however,  that  a  comet 
leaving  the  neighborhood  of  a  large  planet  has  peculiar  ten- 
dency to  come  again  under  its  influence  in  subsequent  revolu- 
tions. A  slower  velocity  of  approach  changes  much  the 
problem  at  the  second  passage  near  the  planet 

86.  How  the  comets  first  became  solid  is  a  question  of  great 
interest.  That  they  are  solid  seems  evident  from  the  solid 
nature  of  the  fragments  broken  off  from  the  comets  since  they 
entered  the  solar  system,  i  e.,  the  meteorites  and  meteoroids. 
The  character  of  these  fragments  corresponds  more  with  that  of 
the  deeper  rocks  than  with  those  on  the  surface  of  the  earth. 
It  seems  very  improbable  that  iron  masses  whose  like  in  the 
earth  is  found  only  in  the  igneous  trap  rocks,  especially  in  the 
Greenland  traps,  should  have  become  consolidated  in  the  cold 
of  space  in  small  parcels.  The  internal  structure  of  the  comet 
fragments  are  records  of  an  interesting  early  history.  To 
decipher  the  legends  belongs  rather  to  the  mineralogist  and 
die  physicist  than  to  the  astronomer.  My  effort  has  oeen  to 
iGind  where  they  were  written. 
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Art.  XVL — On  tlie  Animal  af  Alilkpora  alcicornis ;  by 
William  North  Rice. 

The  attention  of  ».>ologists  was  called  to  the  relations  of 
Mille|H>ra  by  the  aDnouncement  of  Agassiz  in  1858  that  "Mille- 
pora is  not  an  Actinoid  Polyp,  but  a  genuine  Hydroid,  allied 
to  Hyd  recti  nia."*  Professor  Agassiz  figured  the  animale  as 
seen  by  him,  in  hia  Contributions  to  tlie  Natural  History  of 
the  United  States,  vol.  iii,  p,  61.  On  the  evidence  afforded 
by  a  single  observation  of  Millepora,  he  proposed  to  transfer 
to  the  Acnlephfie  not  only  that  genus,  but  al!  the  Madreporaria 
Tabulata  of  Milne-Edwarda  Professor  Verrill  has  snownf 
that  the  latter  inference  cannot  be  accepted,  and  that  the  Mad- 
reporaria Tabulata  form  an  artificial  and  quite  heterogeneous 
assemblage.  There  has  been  much  difference  of  opinion  as  to 
the  soundness  of  Agassiz's  conclusion  in  regard  to  Millepora 
itself,  and  the  extreme  shyness  of  the  animals  has  rendered  it 
impossible  to  accumulate  numerous  observations.  A  paper  by 
General  Nelson  and  P.  Martin  Duncan,t  contains  figures  of  the 
animals  of  Millfjx/ra  alcicornis,  as  observed  by  the  former 
author  while  stationed  at  Bermuda  many  years  ago.  The 
figures  differ  from  those  of  Agassiz  in  arranging  the  tentacles 
regularly  in  whorls  of  four,  and  the  authors  conclude  that 
Millepora  is  probably  an  Alcyonariaii.  The  arrangement  of 
tentacles  is  certainly  quite  unusual  in  the  AlcyoiiarJa,  admit- 
ting the  correctness  of  General  Nelson's  figures.  In  Novem- 
ber, 1875,  a  paper  by  Mr.  Moseley  of  the  Challenger  expedition 
was  read  before  the  Royal  Society,§  in  whica  the  author 
reported  observations  on  Millepora  at  Bermuda  and  elsewhera 
The  observations  seem  to  have  been  quite  unsatisfactory,  and 
the  author  at  that  time  ventured  no  conclusion  from  them.  He 
was,  however,  more  fortunate  at  Tahiti ;  and  his  paper  read 
before  the  Royal  Society  in  April,  1876, B  gives  the  results  of  a 
more  complete  and  satisfactory  series  of  observations  on  the 
genus  in  question  than  has  been  made  by  any  other  author. 
His  conclusions  agree  substantially  with  those  of  Agassiz. 

In  the  winter  of  1876-7,  the  writer  spent  some  weeks  in 
Bermuda,  residing  for  a  part  of  the  time  at  Flats  Village,  on 
the  shore  of  Harnngton  Sound.  The  abundance  of  Millepora 
in  the  shallow  water  of  that  beautiful  lagoon  afforded  excellent 
opportunity  for  an  investigation  of  the  animala     In  this  work, 

*  This  Joumsl,  II,  zni,  140.  f  Ibid,  UI,  ui,  181. 

t  Ann.  and  Hag.  Nat.  HisL,  zril,  364. 

§  PbiloBopbical  TrauBactious,  cliTi,  91 :  abstract  io  Ann.  and  Uog.  Nat.  HiaL, 

I  Fbil.  Trans.,  olivii,  11 1 ;  abstract  Id  Ado.  and  Mag.  Nat  HiaL,  xviii,  118. 
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the  writer  was  favored  with  the  kind  assistance  of  Mr.  G. 
Brown  Goode,  of  the  Smithsonian  Institution.  Our  experience 
enabled  us  to  appreciate  the  difficulty  which  observers  have 
always  found  in  the  extreme  shyness  of  the  animala  Great 
care  was  taken  in  collecting  the  animals  to  avoid  subjecting 
them  to  any  more  of  a  shock  than  was  necessary.  In  accord- 
ance with  a  suggestion  of  Professor  Verrill,  we  were  careful 
not  to  have  the  specimens  out  of  water  for  an  instant  either  in 
collecting  them  or  in  the  subsequent  manipulation.  Specimens 
were  cx)llected  at  various  hours  of  the  day,  and  examined  at 
about  all  hours  of  the  day  and  night  Only  once  were  we 
favored  with  a  sight  of  the  zooids  in  expansion.  Though  that 
observation  was  far  from  bein^  as  satisfactory  as  could  be 
desired,  the  writer  has  thought  it  might  be  worth  while  to  give 
an  account  of  it ;  for,  on  a  subject  .so  important  and  presenting 
such  difficulties  to  every  observer,  every  scrap  of  ooservation 
18  probably  worth  saving. 

The  zooids  which  we  saw  in  expansion  showed  generally  a 
pretty  regular  whorl  of  tentacles  at  the  summit  There  seemed 
to  be  indications  of  a  tendency  to  a  grouping  of  the  tentacles 
in  one  or  more  whorls  below  the  one  at  the  summit  But  these 
lower  whorls  were  not  at  all  regularly  developed,  and  in  some 
cases  the  tentacles  were  scattered  singly  without  any  recogniz- 
able arrangement  in  successive  whorls.  Where  an  approxima- 
tion to  a  whorled  arrangement  could  be  recognized,  the  number 
of  tentacles  in  a  whorl  was  generally  four,  but  appeared  to  be 
sometimes  three.  As  regards  the  arrangement  of  the  tentacles, 
our  observation  is  therrfore  substantially  in  agreement  with 
those  of  Agassiz  and  Moseley.  We  feel  very  confident  that 
the  tentacles  are  not  in  uniform  and  regular  whorls  of  four,  as 
figured  by  Nelson  and  Duncan. 


1. 

The  accompanying  figures,  1  to  20,  represent  the  outlines  of 
several  zooids  in  the  various  positions  in  which  they  chanced  to 
present  themselves.  The  drawing  were  made  hastily  while  the 
roecimens  were  under  examination.  It  is  needless  to  remark 
tnat  they  make  no  pretension  to  any  artistic  character.  What- 
ever value  they  may  have  arises  from  the  fact  of  a  conscien- 
tious endeavor  to  draw  exactly  the  outlines  which  were  seen, 
not  a  line  being  added  hypothetically  or  inferentially.     Figures 
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1-16  represent  zooida  seen  more  or  less  nearly  in  profile ; 
figures  17-20  zooida  seen  from  above.  Figures  6,  6,  S,  14,  15 
wore  drawn  by  Mr.  Goode ;  the  remainder  by  the  writer.  The 
drawings  testify  to  the    entire  agreement  between    the    two 


5? 


observers.  The  zooids  seen  by  ns  appear  to  have  been  of  the 
mouthless  kind,  Moseley  has  notice*!  the  fact  that  these 
expand  much  more  readily  than  the  others.  Our  observations 
were  made  partly  with  a  two-inch,  but  chiefly  with  a  one-inob 
objective.  ^» 

11.  13.  13.  14.  15.  ^.  I 

Some  attempts  were  made  to  study  tbe  zooids  by  means  of 

decalcified  specimens,  previously  treated  with  picric  acid  and 
alcohol;  a  preliminary  treatment  with  jiicric  acid  and  subse- 
quent removal  to  alcohol  having  been  shown  by  experimenla 

eft  Q?  a3^   &   ^3 

16.  17.  IB.  19.  30. 

undertaken  by  members  of  the  United  States  Fish  Commission, 
in  1874,  to  be  remarkably  effective  in  preserving  the  delicate 
tissues  of  Hydrozoa.  We  did  not  succeed  in  obtaining  by  this 
means  any  zooids  in  satisfactory  condition.  The  specimens, 
however,  prepared  as  above  stated,  and  subsequently  mounted 
in  glycerine  jelly,  show  well  some  details  of  structure,  pai^ 
ticularly  the  lasso-cells  with  extraordinarily  long  thread,  figured 
by  Moaeley,*  Moseley's  figure  of  a  lasso-cell  from  Mi&pora 
nodosa  illustrates  well  the  character  of  those  in  MUhpora  alci- 
eoniis,  though  in  the  latter  the  spinous  portion  is  somewhat 
nearer  the  base  of  the  thread.  The  length  of  the  thread  in  the 
longest  of  our  specimens  is  about  "027  inch. 

*  PhiloHopMcat  Transactioiis,  dxvii,  pi.  It,  Sg.  1. 
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Art.  XVII.  —  Forest  Gkography  and  ArehoBology;  a  Lecture 
delivered  be/are  the  Harvard  University  Natural  History  Society^ 
April  18,  1878 ;  by  Asa  Gray. 

[Gontiniied  from  p.  94.] 

The  difference  in  the  composition  of  the  Atlantic  and  Pacific 
forests  is  not  less  marked  than  that  of  the  climate  and  geograph- 
ical configuration  to  which  the  two  are  respectively  adapted. 

With  some  very  notable  exceptions,  the  forests  of  the  whole 
northern  hemisphere  in  the  temperate  zone  (those  that  we  are 
concerned  with)  are  mainly  made  up  of  the  same  or  similar 
hinds.  Not  of  the  same  species ;  for  rarely  do  identical  trees 
occur  in  any  two  or  more  widely  separated  regions.  But  all 
round  the  world  in  our  zone,  the  woods  contain  Pines  and 
Firs  and  Larches^  Cypresses  and  Junipers^  Oaks  and  Birches^ 
Willows  and  Poplars^  Maples  and  Ashes  and  the  like.  Yet 
with  all  these  family  likenesses  throughout,  each  region  has 
some  peculiar  features,  some  trees  by  which  the  country  may 
at  once  be  distinguished. 

Beginning  by  a  comparison  of  our  Pacific  with  our  Atlantic 
forest,  I  need  not  take  the  time  to  enumerate  the  trees  of  the 
latter,  as  we  all  may  be  supposed  to  know  them,  and  many  of 
the  genera  will  have  to  be  mentioned  in  drawing  the  contrast 
to  which  I  invite  ^^our  attention.  In  this  you  will  be  impressed 
most  of  all,  I  think,  with  the  fact  that  the  greater  part  of  our 
familiar  trees  are  **  conspicuous  by  their  absence  from  the 
Pacific  forest 

,  For  example,  it  has  no  Magnolias,  no  Tulip-tree,  no  Papaw, 
no  Linden  or  Basswood,  and  is  very  poor  in  Maples;  no 
Locus^trees — neither  Flowering  Locust  nor  Honey  Locust — nor 
any  Leguminous  tree ;  no  Cherry  large  enough  for  a  timber- 
tree,  liKe  our  wild  Black  Cherry ;  no  Gum-trees  (Nyssa  nor 
Liquidambar),  nor  Sorrel-tree,  nor  Kalmia ;  no  Persimmon,  or 
Bumelia;  not  a  Holly;  only  one  Ash  that  may  be  called  a 
timber-tree;  no  Catalpa,  or  Sassafras;  not  a  single  Elm,  nor 
Hackberry ;  not  a  Mulberry,  nor  Planer-tree,  nor  Maclura ; 
not  a  Hickory,  nor  a  Beech,  nor  a  true  Chestnut,  nor  a  Horn- 
beam; barely  one  Birch  tree,  and  that  only  far  north,  where 
the  differences  are  less  striking.  But  as  to  Coniferous  trees,  the 
only  missing  type  is  our  Bala  Cypress,  the  so-called  Cypress 
of  oar  souuiern  swamps,  and  tnat  deficiency  is  made  up  by 
other  things.  But  as  to  ordinary  trees,  if  you  ask  what  takes 
the  place  in  Oregon  and  California  of  all  these  missing  kinds, 
whicn  are  familiar  on  our  side  of  the  continent,  I  must  answer, 
nothing,  or  nearly  nothing.  There  is  the  Madrofla  (Arbutus) 
instead  of  our  Kalmia  (both  really  trees  in  some  places) ;  and 
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there  ib  the  California  Laurel  instead  of  our  soutbern  Red  Bay 
trea  Nor  in  any  of  the  genera  common  to  the  two  does  the 
Paci^G  forest  equal  the  Atlantic  in  species.  It  has  not  half  as 
many  Maples,  nor  Ashes,  nor  Poplars,  nor  Walnuta,  nor 
Birches,  and  those  it  has  are  of  smaller  size  and  inferior  qual- 
ity ;  it  has  not  half  as  many  Oaks;  and  these  and  the  Ashes 
are  of  so  inferior  economical  value,  that  (as  we  are  told)  a  pass- 
able WHgon-wheet  cannot  be  made  of  California  wood,  nor  a 
really  good  one  in  Oregon. 

This  poverty  of  the  weatern  forest  in  species  and  types  may 
be  exhibited  graphically,  in  a  way  which  cannot  fail  to  strike 
the  eye  more  impressively  than  when  we  say  that,  whereas  the 
Atlantic  forest  le  composed  of  66  genera  and  155  species,  the 
Pacific  forest  has  only  31  genera  and  78  species.*  In  the 
appended  diagrams,  tne  short  side  of  the  rectangle  is  propor- 
tional to  the  number  of  genera,  the  long  side  to  the  number  of 
species. 

Now  the  geographical  areas  of  the  two  foreats  are  not  very 
different  From  the  Gulf  of  Mexico  lo  the  Gulf  of  St.  Lawrence 
about  twenty  degrees  of  latitude  intervene.  From  the  southern 
end  of  California  to  the  pei>inaula  of  Alaska  there  are  twenty- 
eight  degrees,  and  the  forest  on  the  coast  runs  some  degree* 
north  of  this ;  the  length  may  therefore  make  up  for  the  com- 
parative narrowness  of  the  Pacific  forest  region.  How  can  so 
meagre  a  forest  make  so  imposing  a  show  ?  Surely  not  by  the 
greater  numher  an'l  size  of  its  individuals,  so  far  as  deciduous 
(or  more  correctly  n  on -coniferous)  trees  are  concerned  ;  for  on 
the  whole  they  are  inferior  to  their  eastern  brethren  in  size  if 
not  in  number  of  individuals.  The  reason  is,  that  a  larger  pro- 
portion of  the  genera  and  species  are  coniferous  trees ;  and  these, 
being  evergreen  (except  the  Larches),  of  aspiring  port  and 
eminently  gregarious  habit,  usually  dominate  where  they  occur. 
While  the  east  has  almost  three  times  as  many  genera  and  four 
times  as  tHanv  species  of  non-coniferous  trees  as  the  west,  it 
has  slightly  fewer  genera  and  almost  one-hall  fewer  species 
of  coniferous  trees  than  the  wesL  Tliat  is,  the  Atlantic  conif- 
erous forest  is  represented  by  11  genera  and  25  species; 
the  Pacific  by  12  genera  and  44  species.  This  relative  pre- 
ponderance may  also  be  expressed  by  the  diagrams,  in  which 
the  smaller  enclosed  rectangles,  drawn  on  the  same  scale, 
represent  the  coniferous  portions  of  these  forests. 

*  We  take  in  onlj  timber  trees,  or  such  as  atlaJD  in  tht-  most  fsTorsble  localitiea 
to  g.  size  which  gives  Ibem  a  clear  title  to  tbe  arboreous  rank.  The  subtropical 
eoutheni  extremity  and  ECeja  of  Florida  are  excluded.  So  also  are  one  or  two 
trees  of  the  ArLzoniaa  region  which  may  touch  the  eTaneseent  southern  borders  of 
the  Califomian  forest  In  counting  the  Coniferous  genera,  Pinus.  Larii,  Picea, 
Abies  aud  Tsiigaare  adtoitted  to  this  rank,  but  Cuprewus  and  ChanuecTparis  are 
taken  as  one  genus. 
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Indeed,  the  Pacific  forest  is  made  up  of  conifers,  with  Don- 
coniferona  trees  as  occasional  undergrowth  or  as  scattered  indi- 
vidaals,  and  coospicnous  only  in  valleys  or  in  the  sparse  tree- 
growth  of  plains,  on  which  the  oaks  at  most  reproduce  the 
watares  of  the  "  oak  openinj^"  here  and  there  bordering  the 
Mississippi  prairie  region.  Perhaps  the  most  striking  contrast 
between  the  west  and  the  east,  along  the  latitude  usually  trav- 
ersed, is  that  between  the  spiiy  evergreens  which  the  traveler 
leaves  when  he  quits  California,  ana  the  familiar  woods  of 
varioas-haed  round-headed  trees  which  give  him  the  feeling  of 
home  when  he  reaches  the  Mississippt.  The  Atlantic  forest  is 
particalarly  rich  in  these,  and  is  not  meagre  in  coniferous  trees. 
All  the  glory  of  the  Pacific  forest  is  in  its  coniferous  trees :  its 
desperate  poverty  in  other  trees  appears  in  the  annexed  dif^ram. 


These  diagrams  are  made  more  instructive,  and  the  relative 
richness  of  the  forests  round  the  world  in  our  latitude  is  most 
simply  exhibited,  bv  adding  two  or  three  similar  ones.  Two 
will  serve,  one  for  Europe,  the  other  for  N,  E.  Asia.  A  third 
would  be  the  Himalav-Altaian  region,  jpographically  interme- 
diate between  the  other  two  as  the  Anzona-Rocky  Mountain 
district  is  between  oar  eastern  and  western.  Both  are  here  left 
out  of  view,  partly  for  the  same,  partly  for  special  reasons  per- 
taining to  each,  which  I  most  not  stop  to  explain.  These  four 
marked  specimens  will  simply  and  clearly  exhibit  the  general 
facts. 
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Keeping  ae  nearly  aa  possible  to  the  same  scale,  we  mayj 
count  tbe  indigenous  forest  trees  of  all  Europe  at  3S  genera  ana 
86  species.  And  those  of  the  Japan-Munchurian  region,  of 
very  mncb  smaller  geographical  area,  at  66  genera  and  168 
species.  I  here  include  in  it  onljr  Japan.  Eastern  Mancharia, 
and  the  aJljaeenl  borders  of  China.  The  known  species  oi 
trees  must  be  rather  roughly  determined ;  bnt  the  numbers 
here  given  are  not  exaggerated,  and  are  much  more  likely  to 
be  Bensibly  increased  by  further  knowledge  than  are  those  of 
any  of  the  other  regions.  Properly  to  estimate  the  surpassing 
richness  of  this  Japan -Manchurian  forest,  the  comparatire 
smallness  of  geogra|^icaI  area  must  come  in  as  an  important 
consideration. 

To  complete  the  view,  let  it  be  noted  that  the  division  of 
these  forests  into  coniferous  and  non -coniferous  is,  for  the 
European  non-coniferous,  20  genera,  68  species. 

"  coDiferous,  "         "17         "  ' 


Japan-Manchurinn  i 


In  other  woivl^.  a  narrow  region  in  Eastfrn  Asia  (.■ontnins  twice 
as  manj-  genera  and  about  twice  as  many  species  of  indigenous 
trees  as  are  possessed  by  all  Europe ;  and  as  to  coniferous  trees, 
the  former  has  more  genera  than  the  latter  lias  species,  and  over 
twice  and  a  half  as  manv  species. 

The  only  question  about  the  relation  of  these  four  forest 
regions,  as  to  their  component  species,  which  we  can  here  pause 
to  answer,  is  to  what  extent  they  contain  trees  of  identical 
species.  If  we  took  the  shrubs,  there  would  be  a  small  num- 
ber, if  the  herbs  a  very  considerable  number,  of  species  common 
to  the  two  New  World  and  to  the  two  Old  World  areas  respect- 
ively, at  least  to  their  northern  portions,  even  after  excluding 
arctic-alpine  plants.  The  same  may  be  said,  in  its  degree,  of 
the  North  European  flora  compared  with  the  Atlantic  North 
American,  of  the  Northeast  Asiatic  compared  with  the  north- 
ern part  of  the  Pacific  North  American,  and  also  in  a  peculiar 
way  (which  I  have  formerly  pointed  out  and  shall  have  soon 
to  mention)  of  the  Northeaslem  Asiatic  flora  in  its  relations 
to  the  Atlantic  North  American.  But  as  to  the  forest  trees 
there  is  very  little  community  of  species.  Yet  this  is  not  abso- 
lutely wanting.  The  Red  Cedar  {Juniperus  Virginiana)  among 
coniferous  trees,  and  Populus  tremuhutes  among  the  deciduous, 
extend  across  the  American  continent  specifically  unchanged, 
though  hardly  developed  as  forest  trees  on  the  Pacific  side. 
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There  are  probably,  but  oot  certainly,  one  or  two  instances  on 
the  northern  verge  of  these  two  forests.  There  are  as  many  in 
which  eastern  and  western  species  are  suggestively  similar. 
The  Hemlock-Spruce  of  the  Korthem  Atlantic  States,  and  the 
Yew  of  Florida  are  extremely  like  corresponding  trees  of  the 
Pacific  forest ;  indeed  the  Yew-trees  of  all  four  regions  may  * 
come  to  be  regarded  as  forms  of  one  polymorphous  species. 
The  White  Birch  of  Europe  and  that  of  Canada  and  New  Eng- 
land are  in  similar  case ;  and  so  is  the  common  Chestnut  (in  • 
America  confined  to  the  Atlantic  States),  which  on  the  other 
side  of  the  world  is  also  represented  in  Japan.  A  link  in  the 
other  direction  is  seen  in  one  spruce  tree  (called  in  Oregon 
Menzies  Spruce)  which  inhabits  fTortheast  Asia,  while  a  pecul- 
iar form  oi  it  represents  the  species  in  the  Bocky  Mountains. 

But  now  other  and  more  theoretical  questions  come  to  be 
asked,  such  as  these : 

Why  should  our  Pacific  forest  region,  which  is  rich  and  in 
some  respects  unique  in  coniferous,  be  so  poor  in  deciduous 
trees? 

Then  the  two  Big-trees,  Sequoias,  as  isolated  in  character  as 
in  location, — ^being  found  only  in  California,  and  having  no  near 
relatives  any  where, — how  came  California  to  have  them  ? 

Such  relatives  as  the  Sequoias  have  are  also  local,  peculiar, 
and  chiefly  of  one  species  to  each  genus.  Only  one  of  them  is 
American,  and  that  solely  eastern,  the  Taxodium  of  our  Atlan- 
tic States  and  the  plateau  of  Mexico.  The  others  are  Japanese 
and  Chinese. 

Why  should  trees  of  six  related  genera,  which  will  all  thrive 
in  Europe,  be  restricted  naturally,  one  to  the  eastern  side  of 
the  American  continent,  one  genus  to  the  western  side  and  very 
locally,  the  rest  to  a  smaJl  portion  of  the  eastern  border  of  Asia? 

Why  should  coniferous  trees  most  aflfect  and  preserve  the 
greatest  number  of  types  in  these  parts  of  the  world  ? 

And  why  should  tbe  Northeast  Asian  region  have,  in  a  com- 
paratively small  area,  not  only  most  coniferous  trees,  but  a 
notably  larger  number  of  trees  altogether  than  any  other  part 
of  the  northern  temperate  zone?  Whv  should  its  only  and 
near  rival  be  in  the  antipodes,  namely,  nere  in  Atlantic  North 
America?  In  other  words  why  should  the  Pacific  and  the 
European  forests  be  so  poor  in  comparison,  and  why  the  Pacific 
poorest  of  all  in  deciduous,  yet  ricn  in  coniferous  trees? 

The  first  step  toward  an  explanation  of  the  superior  richness 
in  trees  of  these  antipodal  regions,  is  to  note  some  striking  sim- 
ilarities of  the  two,  and  especially  the  number  of  peculiar  types 
which  they  divide  between  them.  The  ultimate  conclusion 
may  at  length  be  ventured,  that  this  richness  is  normal,  and 
that  what  we  really  have  to  explain  is  the  absence  of  so  many 
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forms  from  Europe  on  the  one  hand,  Trora  Or^on  and  Cali- 
fornia on  the  other.  Let  me  recall  to  mind  the  list  of  kinds 
[\.  e.  genera)  of  trees  which  enrich  onr  Atlantic  forest  but  ar« 
wanting  to  that  of  the  Pacific.  Now  almost  all  these  recur,  ia 
more  or  less  BimiJar  but  not  identical  species,  in  Japan,  North 
China,  etc  Sijme  of  them  are  likewise  European,  but  more 
are  not  so.  Extending  the  comparison  to  shrubs  and  herbs,  it 
more  and  more  appears,  that  tne  forms  and  types  which  we 
■  count  as  peculiar  to  our  Atlantic  region,  when  we  compare 
them,  as  we  first  naturally  do,  with  Europe  and  with  our  West, 
have  their  close  counlerparta  in  Japan  and  North  China;  somtt 
in  identical  species  (eepecially  among  the  herbs),  often  iO' 
strikingly  similar  ones,  not  rarely  as  sole  species  of  peculiar 
genera  or  in  related  generic  types.  I  was  a  very  young  botanist 
when  I  began  to  notice  this;  and  I  have  from  time  to  tims 
made  lisu  of  such  insuncea.  Evidences  of  this  remarkabla 
relationship  have  multiplied  year  after  year,  until  what  was 
long  a  wonder  has  come  to  be  so  common  that  I  should  now 
not  be  greatly  surprised  if  a  Sarracenia  or  a  Dionsea,  or  their 
like,  should  turn  up  in  Eastern  Asia.  Very  few  of  such  iso- 
lated types  remain  without  counterparts.  It  is  as  if  Nature^ 
when  sne  had  enough  species  of  a  genus  to  go  round,  deidt 
them  fairly,  one  at  least  to  each  quarter  of  our  zone;  but^ 
when  she  had  only  two  of  some  peculiar  kind  gave  one  to  v^T 
and  the  other  to  Japan,  Manchuria,  or  the  Himalayas;  when 
she  had  only  onc^  divided  these  between  the  two  partners  on  the 
opposite  side  of  the  table.  The  result,  as  to  the  trees,  is  seen 
in  these  four  diagrams.  As  to  number  of  species  generally,  it 
cannot  be  said  that  Europe  and  Pacific  North  America  are  at 
all  in  arrears.  But  as  to  trees,  either  the  contrasted  regions 
have  been  exceptionally  favored,  or  these  have  been  hardly 
dealt  with.  There  is,  as  I  have  intimated,  some  reason  to  adopt 
the  latter  alternative. 

We  may  take  it  for  granted  that  the  indigenous  plants  of  any 
country,  particularly  tne  trees,  have  been  selected  by  climate. 
Whatever  other  influences  or  circumstances  have  been  brought 
to  bear  upon  them,  or  the  trees  have  brought  to  bear  on  each 
other,  no  tree  conld  hold  its  place  as  a  member  of  any  forest 
or  flora  which  is  not  adapted  to  endure  even  the  extremes 
of  the  climate  of  the  region  or  station.  But  the  character  of 
the  climate  will  not  explain  the  remarkable  paucity  of  the 
trees  which  compose  the  indigenous  European  forest.  That  is 
proved  by  experiment,  sufficiently  prolonged  in  certain  cases 
to  justify  the  inference.  Probably  there  is  no  tree  of  the 
northern  temperate  zone  which  will  not  flourish  in  some  part 
of  Europe.  Great  Britain  alone  can  grow  double  or  treble  the 
number  of  trees  that  the  Atlantic  States  can.     In  all  the  latter 
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we  caQ  grow  hardly  one  tree  of  the  Pacific  coast  England 
supports  all  of  them,  and  all  our  Atlantic  trees  also,  and  like- 
wise the  Japanese  and  North  Siberian  species,  which  do  thrive 
here  remarkably  in  some  part  of  the  Atlantic  coast,  especially 
the  cooler-temperate  ones.  The  poverty  of  the  European  sylva 
is  attributable  to  the  absence  of  our  Atlantic  American  types, 
to  its  having  no  Magnolia,  Liriodendron,  Asimina,  Negundo, 
no  jEscuIus,  none  of  that  rich  assemblage  of  Leguminous  trees 
represented  by  Locusts,  Honey-Locusts,  Gymnocladus,  and  Cla- 
drastis  (even  its  Cercis,  which  is  hardly  European,  is  like  the 
Califomian  one  mainly  a  shrub) ;  no  Nyssa,  nor  Liquidambar ; 
no  Ericaceae  rising  to  a  tree ;  no  Bumelia,  Catalpa,  Sassafras, 
Osage  Orange,  Hickory,  or  Walnut;  and  as  to  Conifers,  no 
Hemlock  Spruce,  Arlior-vitfiB,  Taxodium,  nor  Torreya.  As 
compared  with  Northeastern  Asia,  Europe  wants  most  of  these 
same  types,  also  the  Ailantus,  Gingko,  and  a  goodly  number 
of  coniferous  genera.  I  cannot  point  to  any  types  tending  to 
make  up  the  deficiency,  that  is,  to  any  not  either  in  East  North 
America  or  in  Northeast  Asia,  or  in  both.  Cedrus,  the  true 
Cedar,  which  comes  near  to  it,  is  only  North  African  and  Asian. 
I  need  not  say  that  Europe  has  no  Sequoia,  and  shares  no  special 
type  with  California. 

Now  the  capital  fact  is,  that  many  and  perhaps  almast  all  of 
these  genera  of  trees  were  well  represented  in  Europe  through- 
out the  later  Tertiary  times.  It  had  not  only  the  same  generic 
types,  but  in  some  cases  even  the  same  species,  or  what  must 
pass  as  such,  in  the  lack  of  recognizable  distinctions  between 
loesil  remains  and  living  analogues.  P^ably  the  European 
Miocene  forest  was  about  as  rich  andMi^arious  as  is  ours  of 
the  present  day,  and  very  like  it  The  Glacial  period  came  and 
passed,  and  these  types  have  not  survived  there,  nor  returned. 
Hence  the  comparative  poverty  of  the  existing  European 
sylva,  or  at  least,  the  probable  explanation  of  the  absence  of 
toose  kinds  of  trees  which  make  the  characteristic  difference. 

Why  did  these  trees  perish  out  of  Europe  but  survive  in 
America  and  Asia?  Before  we  enquire  how  Europe  lost 
them,  it  may  be  well  to  ask,  how  it  got  them.  How  came 
these  American  trees  to  be  in  Europe  ?  And  among  the  i-est, 
how  came  Europe  to  have  Seauoias,  now  represented  only  by 
our  two  Big  trees  of  California?  It  actually  possessed  two 
roecies  and  more;  one  so  closely  answering  to  "the  Bed  wood  of 
tne  Coast  Ranges,  and  another  so  very  like  the  ISequoia  giganUa 
of  the  Sierra  Nevada,  that,  if  such  fossil  twigs  with  leaves  and 
cones  had  been  exhumed  in  California  instead  of  Europe,  it 
would  confidently  be  affirmed  that  we  had  resurrectea  the 
veritable  ancestors  of  our  two  giant  trees.  Indeed,  so  it  may 
probably  be.     ^*  Caelum  non  animam  mutant,'^  etc.,   may   be 
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applicable  even  to  such  wide  wanderio^  and  such  vaet  inter- 
vals of  tim&  If  the  specific  essence  hm  not  changed,  and 
even  if  it  has  suffered  some  change,  genealogical  connection  is 
to  be  inferred  in  alt  such  cases. 

That  is,  in  these  days  it  is  taken  for  granted  that  individuals 
of  the  same  species,  or  with  a  certain  likeness  throughout,  had 
a  single  birthplace,  and  are  descended  from  the  same  stock,  no 
matter  how  widely  separated  they  may  have  been  either  io 
space  or  time,  or  both.  The  contrary  supposition  may  be  made, 
and  was  seriously  entertcuned  by  some  not  very  long  ago.  It 
is  even  supposable  that  plants  and  animals  originated  where 
they  now  are,  or  where  their  remains  are  found.  But  this  ia  not 
science:  in  other  words  it  is  not  conformable  to  what  we  now 
know,  and  is  an  assertion  that  scientific  explanation  is  not  to 
be  sought. 

Furthermore,  when  species  of  the  same  genus  are  not  found 
almost  everywhere,  ihej  are  usually  grouped  in  one  region,  as 
are  the  Hickories  in  the  Atlantic  States,  the  Asters  and  Golden- 
rods  in  North  America  and  prevailingly  on  the  Atlantic  side, 
the  Heaths  in  Western  Europe  and  Africa.  From  this  we  are 
led  to  the  inference  that  all  species  closely  related  to  each  other 
have  had  a  common  birth-place  and  origin.  So  that,  when  we 
find  individuals  of  a  species  or  of  a  group  widely  out  of  the 
range  of  their  fellows  we  wonder  bow  tbey  got  there  When 
we  find  the  same  species  all  round  the  hemisphere,  we  ask  how 
this  dispersion  came  to  pass. 

Now,  a  very  considerable  number  of  species  of  herbs  and 
shrubs,  and  a  few  trees,  of  the  temperate  zone  are  found  all 
round  the  northern  hemisphere;  many  others  are  found  part 
way  round, — some  in  Europeand Eastern  Asia;  somein  Europe 
and  our  Atlantic  States;  many,  as  I  have  said,  in  the  Atlantic 
States  and  Eastern  Asia ; — fewer  (which  ia  curious)  common  to 
Pacific  States  and  Eastern  Asia,  nearer  though  these  countries  ba 

We  may  set  it  down  as  useless  to  try  to  account  for  this  dis- 
tribution by  causes  now  in  operation  and  opportunities  now 
afforded,  i.  c.  for  distribution  across  oceans  by  winds  and  cur- 
rents, and  bii-ds.  These  means  play  their  part  in  dispersion 
from  place  to  place,  by  step  after  step,  but  not  from  continent 
to  continent,  except  for  few  things  and  in  a  subordinate  way. 

Fortunately  we  are  not  obliged  to  have  recourse  to  over- 
strained suppositions  of  what  might  possibly  have  occurred 
now  and  then,  in  the  lapse  of  time,  by  the  chance  conveyance 
of  seeds  ucross  oceans,  or  even  from  one  mountain  to  another. 
The  plants  of  the  top  of  the  White  Mountains  and  of  Labrador 
are  mainly  the  same;  but  we  need  not  suppose  that  it  is  so 
because  birds  have  carried  seeds  from  the  one  to  the  other. 

I  take  it  that  the  true  explanation  of  the  whole  problem 
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comes  from  a  just  general  view,  and  not  through  piecemeal 
suppositions  of  chances.  And  I  am  clear  that  it  is  to  be  found 
by  looking  to  the  north,  to  the  state  of  things  at  the  arctic 
zone, — first,  as  it  now  is,  and  then  as  it  has  been. 

North  of  our  forest-regions  comes  the  zone  unwooded  from 
cold,  the  zone  of  arctic  vegetation.  In  this,  as  a  rule,  the 
species  are  the  same  round  the  world ;  as  exceptions,  some  are 
restricted  to  a  part  of  the  circle. 

The  polar  projection  of  the  earth  down  to  the  northern  tropic, 
as  here  exhibited,  shows  to  the  eye — as  our  maps  do  not — how 
all  the  lands  come  together  into  one  region,  and  how  natural 
it  may  be  for  the  same  species,  under  homogeneous  conditions, 
to  spread  over  it  When  we  know,  moreover,  that  sea  and 
land  have  varied  greatly  since  these  species  existed,  we  may 
well  believe  that  any  ocean-gaps,  now  m  the  way  of  equable 
distribution,  may  have  been  bridged  over.  There  is  now  only 
one  considerable  gap. 

What  would  happen  if  a  cold  period  were  to  come  on  from 
the  north,  and  were  very  slowly  to  carry  the  present  arctic 
climate,  or  something  like  it,  down  far  into  the  temperate  zone? 
Whj,  just  what  has  happened  in  the  Glacial  period,  when  the 
refrigeration  somehow  pushed  all  these  plants  before  it  down 
to  Southern  Europe,  to  Middle  Asia,  to  the  middle  and  southern 
part  of  the  Unitea  States ;  and,  at  length  receding,  left  some 
parts  of  them  stranded  on  the  Pyrenees,  the  Alps,  the  Appenines, 
the  Caucasus,  on  our  White  ana  Rocky  Mountains,  or,  wherever 
they  could  escape  the  increasing  warmth  as  well  by  ascending 
mountains  as  by  receding  northward  at  lower  levels.  Those  that 
kept  together  at  a  low  level,  and  made  good  their  retreat,  form 
the  main  body  of  present  arctic  vegetation.  Those  that  took  to 
the  mountains  had  their  line  of  retreat  cut  off,  and  hold  their 
positions  on  the  mountain-tops  under  cover  of  the  frigid  climate 
due  to  elevation.  The  conaitions  of  these  on  different  conti- 
nents or  different  mountains  are  similar,  but  not  wholly  alike. 
Some  species  proved  better  adapted  to  one,  some  to  another, 
part  of  the  world ;  where  less  aaapted,  or  less  adaptable,  they 
have  perished  ;  where  better  adapted,  they  continue, — with  or 
without  some  change ; — and  hence  the  diversification  of  alpine 

Elants,  as  well  as  the  general  likeness  through  all  the  northern 
emisphere. 

All  this  exactly  applies  to  the  temperate  zone  vegetation, 
and  to  the  trees  that  we  are  concerned  with.  The  clew  was 
seized  when  the  fossil  botany  of  the  high  arctic  regions  came 
to  light :  when  it  was  demonstrated  that  in  the  times  next  pre- 
ceding the  Glacial  period — in  the  latest  Tertiary — from  Spitzber- 
ffen  and  Iceland  to  Greenland  and  Kamtschatka,  a  climate  like 
Inat  we  now  enjoy  prevailed,  and  forests  like  those  of  New 
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England  and  Virginia,  and  of  Oaliforuia,  clothed  the  land.  We 
infer  the  climate  from  the  trees;  and  the  trees  give  sure  indi- 
cations of  the  climate. 

I  bad  (iivined  and  published  the  explanation  long  before  I 
knew  of  the  fossil  plants.  These,  since  made  known,  render  the 
inference  sure,  ana  give  us  a  clear  idea  of  just  what  the  climate 
was.  At  the  time  we  apeak  of,  Greenland,  Spitzbergen  and 
our  arctic  sea-phore,  had  the  climate  of  Pennaylvania  and  Vir- 
ginia now.  It  would  take  too  much  lime  to  enumerate  the 
sorts  of  trees  that  have  been  identified  by  their  leaves  and 
fruits  in  the  arctic  later  Tertiary  deposits, 

I  can  only  say,  at  large,  that  the  same  species  have  been 
found  all  round  the  world :  that  the  richest  and  most  extensive 
finds  are  in  Greenland;  that  they  comprise  most  of  the  sorts 
which  I  have  spoken  of,  as  American  trees  which  once  lived 
in  Europe, — Magnolias,  Sassafras,  Hickories,  Gum-trees,  oar 
idenlicai  Southern  Cypress  (for  all  we  can  see  of  difference), 
and  especially  Sequotas,  not  only  the  two  which  obviously 
answer  to  the  two  Big-trees  now  peculiar  to  California,  but 
several  others;  that  they  equally  comprise  ti-ees  now  peculiar 
to  Japan  and  China,  three  kinds  of  Gingkotrees,  for  instance, 
one  of  them  not  evidently  distinguishable  from  the  Japan 
species  which  alone  survives ;  that  we  have  evidence,  not  merely 
oi  Fines  and  Maples,  Poplars,  Bircbea,  Lindens,  and  whatever 
else  characterize  the  temperate-zone  forests  of  our  era,  but  also 
of  particular  species  of  theee,  so  like  those  of  our  own  time  and 
country,  that  we  may  fairly  reckon  them  as  the  ancestors  of 
several  of  ours.  Long  genealogies  always  deal  more  or  less  in 
conjecture  ;  but  we  appear  to  be  within  the  limits  of  8cienti6c 
inference  when  we  announce  that  our  existing  temperate  trees 
came  from  the  north,  and  within  the  bounds  of  nigh  probability 
when  we  claim  not  a  few  of  them  as  the  originals  of  present 
species.  Remains  of  the  same  plants  have  been  found'foasil  in 
our  temperate  region,  as  well  as  in  Europe. 

Here,  then,  we  have  reached  a  fair  answer  to  the  question 
how  the  same  or  similar  species  of  our  trees  came  to  be  so  dis- 

Sersed  over  such  widely  separated  continenta  The  lands  all 
iverge  from  a  polar  center,  and  their  proximate  portions — how- 
ever different  from  their  present  configuration  and  extent,  and 
however  changed  at  different  times — were  once  the  home  of 
those  trees,  where  they  flourished  in  a  temperate  climate.  The 
cold  period  which  followed,  and  which  doubtless  came  on  by 
very  slow  degrees  during  ages  of  time,  must  have  long  before  its 
culmination  have  brought  down  to  our  latitudes,  with  the  similar 
climate,  the  forest  they  possess  now,  or  rather  the  ancestors  of  iL 
During  this  long  (and  we  may  believe  first)  occupancy  of  Europe 
and  the  United  States,  were  deposited  in  pools  and  shallow 
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waters  the  cast  leaves,  fraits,  and  occasionallj  branches,  which 
are  imbedded  in  what  are  called  Miocene  Tertiary  or  later 
deposits,  most  abundant  in  Europe,  from  which  the  American 
character  of  the  vegetation  of  the  period  is  inferred.  Geologists 
give  the  same  name  to  these  beds,  in  Greenland  and  Southern 
Europe,  because  they  contain  the  remains  of  identical  and  very 
similar  species  of  plants;  and  they  used  to  regard  them  as  of 
the  same  age  on  account  of  this  identity.  But  in  fact  this 
identity  is  good  evidence  that  they  cannot  be  synchronous. 
The  beas  in  the  lower  latitudes  must  be  later,  and  were  forming 
when  Greenland  probably  had  very  nearly  the  climate  which 
it  has  now. 

Wherefore  the  high,  and  not  the  low,  latitudes  must  be 
assumed  as  the  birth-place  of  our  present  flora;*  and  the  present 
arctic  v^etation  is  best  regarded  as  a  derivative  of  the  temperate. 
This  flora,  which  when  circumpolar  was  as  nearly  homogeneous 
round  the  high  latitudes  as  the  arctic  vegetation  is  now,  when 
slowly  translated  into  lower  latitudes,  would  preserve  its  homo- 
geneousness  enough  to  account  for  the  actual  distribution  of  the 
same  and  similar  species  round  the  world,  and  for  the  original 
endowment  of  Europe  with  what  we  now  call  American  types. 
It  would  also  vary  or  be  selected  from  by  the  increasing  differ- 
entiation of  climate  in  the  divergent  continents,  and  on  their 
different  sides,  in  a  wav  which  might  well  account  for  the 
present  diversification.  iB^rom  an  early  period,  the  system  of 
the  winds,  the  great  ocean  currents  (however  they  may  have 
oscillated  north  and  south),  and  the  general  proportions  and 
features  of  the  continents  in  our  latitude  (at  least  of  the  Amer- 
ican continent)  were  much  the  same  as  now,  so  that  species  of 
Slants,  ever  so  little  adapted  or  predisposed  to  cold  winters  and 
ot  summers,  would  abide  and  be  developed  on  the  eastern  side 
of  continents,  therefore  in  the  Atlantic  United  States  and  in 
Japan  and  Manchuria ;  those  with  preference  for  milder  winters 
would  incline  to  the  western  sides ;  those  disposed  to  tolerate 
dryness  would  tend  to  interiors,  or  to  regions  lacking  summer 
rain.  So  that,  if  the  same  thousand  species  were  thrust  promis- 
caoosly  into  these  several  districts,  and  carried  slowly  onward 
in  the  wav  supposed,  they  would  inevitably  be  sifted  in  such  a 
manner  that  tne  survival  of  the  fittest  for  each  district  might 
explain  the  present  diversity. 

JBesides,  tnere  are  re-siftings  to  take  into  the  account  The 
Glacial  period  or  refrigeration  from  the  north,  which  at  its  in- 
ception forced  the  temperate  flora  into  our  latitude,  at  its  cul- 
mination must  have  carried  much  or  most  of  it  quite  beyond. 

*  This  takes  for  granted,  after  NordeDskidld,  that  there  was  no  preceding  Glacial 
period,  as  neither  paleontology  nor  the  study  of  arctio  sedimentary  strata  afford 
any  eyidenee  of  it.  Or  if  they  were  any,  it  was  too  remote  in  time  to  concern  the 
present  question. 
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To  what  extent  displaceil,  and  bow  far  superseded  hy  the  vege- 
tation which  ID  our  day  bordera  the  ice,  or  by  ice  itself,  it  is 
difficult  to  form  more  than  general  conjectures — so  different  and 
couSicting  are  the  views  of  geologists  upon  the  Glacial  period. 
But  upon  any,  or  almost  any,  of  these  views,  it  is  safe  to  con- 
clude ibal  temperate  vegetation,  such  as  preceiled  the  refrigera- 
tion and  bas  now  ag^n  succeeded  it,  was  either  thrust  out  of 
Northern  Europe  and  the  Northern  Atlantic  States,  or  was 
reduced  to  precarious  existence  and  diminished  form&  It  also 
appears  that,  on  our  own  continent  at  least,  a  milder  climate 
than  the  present,  and  a  considesable  submergence  of  land,  tran- 
siently supervened  at  the  north,  to  which  the  vegetation  must 
have  sensibly  responded  by  a  northward  movement,  from  which 
it  afterward  receded. 

All  these  vicissitudes  must  have  left  their  impress  upon  the 
actual  vegetation,  and  particularly  upon  the  treea  They  fur- 
nish probable  reason  for  the  loss  of  American  types  sustained 
by  Europe: 

I  conceive  that  three  things  have  conspired  to  this  loss. 
First,  Europe,  hardly  extending  south  of  latitude  40°,  is  all 
within  the  limita  generally  assigned  to  severe  glacial  action. 
Second,  its  mountains  trend  east  and  west,  from  the  Pyrenees 
to  the  Carpathians  and  the  Caucasus  beyond,  near  its  southern 
border;  and  they  had  glaciers  of  their  own,  which  must  havo 
begun  their  operations,  and  poured  down  the  northward  flanks, 
while  the  plains  were  still  covered  with  forest  on  the  retreat  from 
the  great  ice-wave  coming  from  the  north.  Attacked  both  on 
front  and  rear,  much  of  the  forest  must  have  perished  then  and 
there.  Third,  across  the  line  of  retreat  of  those  which  may 
have  flanked  the  mountain-ranges,  or  were  stationed  south  of 
them,  stretched  the  Mediterranean,  an  impassable  barrier.  Some 
hardy  trees  may  have  eked  out  their  existence  on  the  northern 
shore  of  the  Mediterranean  and  the  Atlantic  coast  But  we 
doubt  not,  Taxodium  and  Sequoias,  Magnolias  and  Liquidam- 
bars,  and  even  Hickories  and  the  like  were  among  the  missing. 
Escape  by  the  east,  and  rehabilitation  from  that  quarter  until  a 
very  late  period,  was  apparently  prevented  by  the  prolongation 
of  the  Mediterranean  to  the  Caspian,  and  thence  to  the  Siberian 
ocean.  If  we  accept  the  supposition  of  Nordenskidld,  that 
anterior  to  the  Glacial  period,  Europe  was  "bounded  on  the 
south  by  an  ocean  extending  from  the  Atlantic  over  the  present 
deserts  of  Sahara  and  Central  Asia  to  the  Pacific,"  all  chance 
of  these  American  types  having  escaped  from  or  re-entered 
Europe  from  the  south  and  east,  is  excluded.  Europe  may 
thus  DC  conceived  to  have  been  for  a  time  somewhat  in  the 
condition  in  which  Greenland  is  now,  and,  indeed  to  have  been 
connected  with  Greenland  in  this  or  in  earlier  timea     Snch  a 
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juDctioD,  cutting  off  access  of  the  Oulf  Stream  to  the  polar  sea, 
woald,  as  some  think,  other  things  remaining  as  they  are, 
almost  of  itself  give  glaciation  to  Europe.  Greenland  may  be 
referred  to,  by  way  of  comparison,  as  a  country  which,  having 
undergone  extreme  glaciation,  bears  the  marks  of  it  in  the 
extreme  poverty  of  its  flora,  and  in  the  absence  of  the  plants 
to  which  its  southern  portion,  extending  six  degrees  below  the 
arctic  circle,  might  be  entitled.  It  ought  to  have  trees,  and 
might  support  them.  But  since  destruction  by  glaciation,  no 
way  has  been  open  for  their  return.  Europe  fared  much  better, 
but  suffered  in  its  d^ree  in  a  similar  way. 

Turning  for  a  moment  to  the  American  continent  for  a  con- 
trast, we  nnd  the  land  unbroken  and  open  down  to  the  tropic, 
and  the  mountains  running  north  and  south.  The  trees,  when 
touched  on  the  north  by  the  on-coming  refrigeration,  had  only 
to  move  their  southern  border  southward,  along  an  open  way, 
as  far  as  the  exigency  required ;  and  there  was  no  impediment 
to  their  due  return.  Then  the  more  southern  latitude  of  the 
United  States  gave  great  advantage  over  Europe.  On  the 
Atlantic  border,  proper  glaciation  was  felt  only  in  the  northern 
part,  down  to  about  latitude  40^  In  the  interior  of  the  country, 
owing  doubtless  to  greater  dryness  and  summer  heat,  the  limit 
receded  greatly  northward  in  the  Mississippi  Valley,  and  gave 
only  locid  glaciers  to  the  Bocky  Mountains ;  and  no  volcanic 
outoreaks  or  violent  changes  of  any  kind  have  here  occurred 
since  the  types  of  our  present  vegetation  came  to  the  land.  So 
our  lines  have  been  cast  in  pleasant  places,  and  the  goodly 
heritage  of  forest  trees  is  one  of  the  consequences. 

The  still  greater  richness  of  Northeast  Asia  in  arboreal  vege- 
tation may  nnd  explanation  in  the  prevalence  of  particularly 
&vorabIe  conditions,  both  ante-glacial  and  recent  The  trees 
of  the  Miocene  circumpolar  forest  appear  to  have  found  there  a 
secure  home ;  and  the  Japanese  islands,  to  which  most  of  these 
trees  belong,  must  be  remarkably  adapted  to  them.  The  situa- 
tion of  these  islands — analogous  to  that  of  Great  Britain,  but 
with  the  advantage  of  lower  latitude  and  greater  sunshine — 
their  ample  extent  north  and  iouth,  their  diversified  configura- 
tion, their  proximity  to  the  great  Pacific  gulf-stream,  by  which  a 
vast  body  of  warm  water  sweeps  alon^  their  accentuated  shores, 
and  the  comparatively  eq^aable  diffusion  of  rain  throughout  the 
year,  all  prooably  conspire  to  the  preservation  and  develop- 
ment of  an  originally  ample  inheritance. 

The  case  of  the  Pacific  forest  is  remarkable  and  paradoxical 
It  IB,  as  we  know,  the  sole  refuge  of  the  most  characteristic  and 
wide  spread  type  of  Miocene  Conifene,  the  Sequoias ;  it  is  rich 
in  coniferous  types  beyond  any  country  except  Japan ;  in  its 
gold-bearing  gravels  are  indications  that  it  possessed,  seemingly 
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down  to  the  very  beginning  of  tho  Glacial  jwriod.  Magnolias 
and  Beet'bes,  a  true  Llieslnut.  LiquiHarobar,  Elma,  and  other 
trees  now  wholly  wnnting  to  that  side  ot  the  continent,  though 
common  both  to  Japan  and  to  Atlantic  North  America.*  Any 
attempted  explanation  ot  this  extreme  paucity  of  the  usually 
major  constitueota  of  forest,  along  with  a  great  development  of 
the  minor,  or  coniferous,  element,  would  Utke  us  quite  loo  far, 
and  would  bring  us  to  mere  conjectures. 

Much  may  be  attributed  to  late  glaciation  ;+  something  to  the 
tremendous  out|X>ur3  of  lava  which,  immediately  before  the 
period  of  refrigeration,  deeply  covered  a  very  large  pail  of  the 
lorestarea;  much  to  the  narrowness  of  the  forest  belt,  to  the 
want  of  summer  rain,  and  to  the  most  unequal  and  precarious 
distribution  of  that  of  winter. 

Upon  all  these  topics  questions  open  which  we  are  not  pre- 

Jiared  to  discuss.  I  have  done  all  that  I  could  hope  to  do  in  one 
ecture  if  I  have  distinctly  shown  that  the  races  of  trees,  like 
the  races  of  men,  have  come  down  to  ub  through  a  pre-historic 
(or  pre-uatural-historic)  period;  and  that  the  explanation  of 
the  pi-esent  condition  is  to  be  sought  in  the  past,  and  traced  in 
vestiges,  and  remains,  and  survivals;  that  for  the  vegetable 
kingdom  also  there  ia  a  veritable  Archeology. 


Abt.  XVIIL— AVefl  on  Antimony  Timnak ;  by  ElleN  Swal- 
Low  Richards  and  Alice  W.  Palmek. 

In  the  course  of  some  work  on  the  determination  of  tannic 
acid,  we  tried  Gerland's  method  of  direct  estimation  by  means 
of  a  standard  solution  of  tartar  emetic  in  presence  of  ammonium 
chloride.  Gerland's  formula,  in  which  the  old  atomic  weights 
are  used  (Zeitschrift  fiir  Analyse,  1863,  ii,  page  419),  is  given  as 
SbOg(0,eH,Ou)B  [or  in  the  new  nomenclature  Sb,Oi(CiBHi,Ou)J 
which  requires 

Sb,  15-60  per  cent,      C,  41'43  per  cent,      H,  3-07  per  cent. 
The  formula  that  we  have  been  led  to  adopt,  is  Sbj(C„HgO,)t+ 
6H,0  which  requires 

Sb,  18-59  per  cent,      C,  38-41  per  cent,      H,  2'74  per  cent, 
in  which  tannic  acid  is  considered  as  di-gallic  acid,f  with,  possi- 

•  See,  espcciBlly,  Report  od  tho  FoBsil  Planta  of  the  auriferous  gravel  deponU 
of  the  Sierra  h'evailiL,  ti;  L.  Lesquereui;  Mem.  Mue.  Comp.  Zoology,  Ti,.  no  2. — 
Detenu inations  of  fossil  leaves,  *c.,  Buch  as  these,  may  be  relied  on  to  this  eitent 
by  the  geaeml  botanist,  however  wary  of  epeciflc  and  maoy  generic  ideotiflcatiou. 
TheEie  must  be  mainly  left  to  tlie  eipert  in  fossil  botany, 

I  Sir  Joseph  Itooker,  in  an  important  lecture  delivered  to  the  Rovsl  loetitutian 
cf  Gront  Britain,  April  12,  insists  much  on  (his. 

%  II.  Bdiifl,  BuU.  Soc.  Chem.,  II,  ivi,  198. 
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bly,  three  phenol  H's  replaced  by  Sb  as  well  as  three  acid  H's. 
This  formula  is  deduced  from  the  following  analyses  of  anti- 
mony tannate.  All  the  tannates  described  in  this  paper  were 
prepared  in  the  same  manner.  The  solution,  containing  five 
to  ten  grams  of  tannic  acid  per  liter,  was  heated  to  60^  d.  in  a 
water  bath.  Tartar  emetic  in  strong  solution  was  added,  then 
80  cc.  of  ammonium  acetate  per  liter.  After  the  whole  was 
shaken  and  allowed  to  settle,  it  was  filtered  and  dried  at  100^  C. 
to  105**  C.  for  three  or  four  days  in  an  ordinary  air-bath.  The 
bulky,  yellowish-white,  gelatinous  precipitate  at  first  formed 
became,  when  dried,  yellowish  to  reddish-brown,  transparent, 
amorphous,  and  broken  into  small  angular  fragments. 

ArUimony  Tannates, 


Sb. 

0. 

H. 

Per  cent. 

Percent. 

Per  cent. 

( 

37-38 

2-91 

^20-6 

87-53 

2-98 

\ 

87-51 

2-78 

87-96 

2-71 

89-30 

2-86 

{ 

88*82 

2-88 

i  20-6 

88-47 

2-81 

( 

88-14 

2-92 

* 

39-60 

2-70 

89*54 

2-74 

20-1 

40-5  \ 

2-92 

From  purified  tannin 

From  unfiltered  tannin 
From  filtered  tannin 

From  nutgalls 

From  sumac,  No.  I 

II 

ra 

The  antimony  was  determined  as  a  sulphide,  and  the  calcu- 
lated results  are  probably  a  little  too  high. 

As  to  the  process  of  titration,  our  first  experience  coincided 
with  the  statement  of  Gauhe  (Zeitschrift  ftir  Analyse,  1868, 
iii,  page  122),  that  the  end  of  the  reaction  was  difficult  to  seize, 
and  that  the  dilute  solutions  remained  turbid.  Even  after  we 
found  an  indicator,  the  process  in  our  hands  gave  varying 
results  with  varying  quantities  of  ammonium  chloride  and  with 
diflferent  proportions  of  water. 

We  then  made  a  series  of  tests  with  other  substances,  viz : 
alum,  salts  of  sodium,  etc.,  as  precipitating  agents.  The  one 
chosen  as  a  result  of  these  tests  was  ammonium  acetate,  prepared 
by  mixing  in  the  right  proportion  glacial  acetic  acid  and  strong 
ammonia  water  of  known  strengths.*  1  cc.  of  this  preparation 
added  for  every  25  or  80  cc.  of  the  total  bulk,  will  give  a  clear, 
supematant  liquid  after  standing  a  few  minutes. 

Without  stating  in  detail  the  steps  of  the  investigation,  we 
give  our  process  as  we  now  use  it 

*  We  used  acetic  add  containing  96  per  cent  G«H409  and  ammonia  containing 
27  per  cent  NH»,  making  about  600  grams  KH4CaHa0a  for  one  liter  of  the  eolu- 
tion. 
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The  weighed  quantity  of  the  sobslanc*  in  which  the  tannic 
acid  IB  to  be  estimated  is  taken  in  sufficient  quantity  Xa  allow 
of,  at  least,  three  aliquot  parts,  each  portion  oi  60  to  100  cc. 
containing  '100  to  '800  grams  of  tannic  acid.  After  the  solu- 
tion, made  by  digestion  with  water,  is  made  up  to  a  known 
bulk,  three  or  four  portions  are  measured  out  ana  set  in  a  water 
bath  to  be  heated  to  50"  or  60"  C.  The  standard  solution  of 
tartar  emetic  contains  6'730  grams  per  liter  of  the  CiH^KSbO, 
salt  dried  at  100°  0.  1  c.c.  is  considered  to  correspond  to  '010 
gram  of  tannic  acid.  Gerland's  formula  would  require  5*222 
grams  per  liter  for  the  same  value. 

The  estimation  is  facilitated  by  obtaining  a  maximum  and  a 
minimum  point  at  the  first  reading,  as  one  portion  is  settling 
while  the  other  is  being  treated  ;  therefore  tartar  emetic  is 
added  from  a  burette  to  one  portion  in  excess  of  the  probable 
quantity  required,  and  to  another  in  less  amount.  The  anti- 
mony tannate  is  then  precipitated  by  the  requisite  number  of 
cubic  centimeters  of  ammonium  acetate,  and  allowed  to  settle. 
A  drop  of  the  clear  liquid  is  added  to  a  drop  of  sodium  hypo- 
sulphite ou  a  hot  porcelain  plate,  and  if  the  tartar  emetic  baa 
been  added  in  excess,  the  deep  orange  color  of  the  antimony 
sulphide  will  at  once  appear.  When  this  point  is  reached  by 
Buccessive  additions  of  Ine  standard  solution  to  the  minimum 
f>ortion,  we  add  to  a  third  portion  the  estimated  quantity,  and 
test  the  clear  liquid  as  a  check  on  the  loss  occasioned  by  taking 
out  several  drops. 

We  have  found  it  easier  to  carry  the  titration  to  a  decided 
orange  tint,  and  to  subtract  "S  c.e.  of  tartar  emetic  solution  for 
100  cc.  of  liquid,  rather  than  to  try  to  seize  the  first  faint  tinge, 
as  most  of  the  substances  to  be  titrated  contaia  coloring  matter 
which  give  a  yelfowish  or  reddish  tint,  but  not  an  orange  color. 

Gerland  states  that  neither  gallic  acid  nor  the  coloring  matter 
contained  in  certain  substances  aCfects  the  results.  This  seems 
to  be  true  so  far  as  gallic  acid  is  concerned,  but  the  discussion 
of  the  relation  of  the  coloring  matter  to  the  precipitate,  together 
with  the  results  of  our  titrations  and  combustions  of  antimony 
tannate  from  hemlock  bark,  oak  bark,  sweet-fern  leaves,  etc, 
roust  be  reserved  for  a  future  paper. 

HMsachuBetta  iDstitute  of  Technology,  Woman'R  Laboratory,  July,  1818. 
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Art.  XIX. — On  some  Sdeniocyanates  ;  on  the  Electrolytic  Esti- 
mation of  Mercury ;  some  t^pec^  Oravity  Determinations, 
Being  Parts  VII,  VIII  and  IX  of  Laboratory  Notes  from  the 
University  of  Cincinnati ;  by  F.  W.  Clarke,  S.B.,  Professor 
of  Chemicrtry. 

VIL  On  some  Selenioeyanates. 

In  1855  Bnckton  discovered  and  described  the  doable  sul- 
pbocyanates  of  platinum.*  Of  these,  the  potassium  salt  is 
perhaps  the  one  oest  known,  partly  because  of  its  beauty,  and 
partly  because  of  the  ease  with  which  it  may  be  prepared. 
Itecently,  my  attention  having  been  called  to  this  compound, 
it  occurred  to  me  that  it  might  be  interesting  to  prepare  the 
oorresponding  seleniocyanate.  Accordingly  I  assigned  the  task 
to  Mr.  W,  L.  Dudley,  a  student  in  the  University  of  Cincinnati, 
who  had  little  difficulty  in  attaining  to  success. 

When  an  alcoholic  solution  of  potassium  seleniocyanate  is 
addecl  to  a  similar  solution  of  platinic  chloride,  a  heavy  reddish 
brown  precipitate  is  immediately  formed.  This,  upon  boiling, 
becomes  darker  in  color,  and  apparently  in  part  dissolvea  The 
filtered  liquid  deposits  crystals  of  the  new  salt,  mixed  with  a 
reddish  sediment  of  selenium;  and  these,  although  they  are 
slightlv  unstable,  may  be  purified  by  recrystallization  from 
iJcohoL  The  crystals  are  usually  very  small ;  mere  scales  in 
fact ;  although  on  one  occasion  they  separated  out  as  regular 
six-sided  tables,  several  millimeters  m  diameter.  By  reflected 
light  tiiey  are  nearly  black ;  but  by  Hiransmitted  light,  deep 
nrnet  red.  Specific  gravity,  8-377  at  10^-2,  3-878  at  12^5. 
The  weiffhings  were  made  in  benzol  Determinations  of  plati- 
num and  potassium  came  out  as  follows : 

Fomid.  Theory. 

Potassium  8*67  8*61 

Platinum  21*64  21*78 

There  is,  therefore,  no  reasonable  doubt  that  the  new  salt  is 
represented  by  the  formula  K,Pt(CSeN)0,  and  that  it  is  strictly 
analogous  to  Buckton's  sulphocyanate. 

An  attempt  to  prepare  gold  salts  resembling  the  sulphocvan- 
ates  described  by  Clevef  was  only  partially  successful  W  hen 
alcoholic  solutions  of  potassium  seleniocyanate  and  neutral  gold 
chloride  are  mixed,  a  red  precipitate  &lls,  which  consists  in 
large  part  of  free  selenium.  The  pale  orange-yellow  filtrate 
from  this  precipitate  yields  by  spontaneous  evaporation  a  crys- 
talline crust,  which  under  the  microscope  is  seen  to  be  made 
up  chiefly  of  minute,  deep  red  prisms.    These  crystals  are  so 

•  Chem.  Soc  Quart.  Joum.,  tU,  SS.       f  Jaluresberidht}  1866,  p.  205. 
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very  unstable  llmt  we  could  obtain  but  a  very  small  quantity 
of  them,  and  in  q  somewhat  impure  condition.  They  yielded 
48'31  per  cent  of  gold,  whereas  the  salt  KAn(CSeN),,  analo- 
gous to  the  potassio-aurous  sulphocyanale  of  Cleve,  should  con- 
tain but  4!1*84.  As  the  new  salt  was  prepared  by  a  method 
precisely  similar  to  that  which  gave  Cleve  his  sulphocyanate, 
there  can  bo  little  doubt  that  we  had  t«  deal  with  the  corres- 
ponding selcniocyanate,  mixed  with  free  gold.  If  we  had  been 
able  to  command  larger  quantities  of  material,  we  might  have 
been  able  to  prepare  the  compound  in  a  state  more  nearly 
approaching  purity. 

No  seleniocyanate  resembling  Roesler's  potassium  chromo- 
Hulphoeyanate,  K,Cr(CSN),,,  8H,0*  could  be  obtained. 
When  aqueous  solutiona  of  chrome  alum  and  |.K>tassium  selenio- 
cyanate are  mixed,  selenium  is  precipitated,  and  no  trace  of  any 
double  salt  seems  to  be  formed. 

VIH   On  the  Electrolytic  ettimation  of  Mercury. 

In  1865,  Wolcott  Gibbs  published  his  well  known  method 
for  the  electrolytic  estimation  of  copper.f  More  recently, 
Merrick  has  shown  that  a  modiScatloti  of  the  same  process  is 
applicable  to  nickel  and  to  zinc.:} 

Having  occasion  recently  to  make  a  number  of  copper  deter- 
miiiatii.ina  by  this  method,  it  naturally  occurred  to  me  that  it 
might  be  extended  still  farther,  especially  to  the  cases  of 
cadmium  and  mercury.  With  cadmium  I  was  disappointed; 
but  with  mercury,  successful.  Cadmium  may  indeed  be  com- 
pleiely  precipitated  by  electrolysis  from  an  ammoniacal  solution, 
but  it  comes  down  in  a  spongy,  porous  form,  enclosing  various 
impurities  which  cannot  be  readily  washed  out  Accordingly 
the  results  came  out  several  per  cent  too  high.  The  mercury, 
however,  gave  results  in  every  respect  satisfactory. 

A  solution  of  mercuric  chloride,  slightly  acidulated  with 
sulphuric  acid,  was  placed  in  a  platinum  dish  connected  with 
the  zinc  pole  of  a  six-cell  Bunsen's  bichromate  battery.  The 
wire  from  the  carbon  pole  terminated  in  a  thin  slip  of  platinum 
foil,  which  dipped  into  the  solution.  At  first,  mercurous 
chloride  was  precipitated,  but  this  by  degrees  was  reduced  to 
the  metallic  state,  so  that  after  an  hour  or  so  there  remained  in 
the  dish  a  clean  mass  of  mercury,  covered  by  a  solution  ia 
which  ammonia  failed  to  produce  the  slightest  turbidity.  When 
I  poured  off  this  clear  acid  solution  the  mercury  became  cov- 
ered with  a  thin  tarnished  film,  which  at  first  annoyed  me  con- 
siderably. I  soon  found,  however,  that  this  annoyance  could 
be  avoided  very  easily.  I  simply  drew  off  the  solution  from 
•  Journ,  £ur  Prakt.  Cham.,  cii,  316.  f  This  Journ.  mil,  M. 
X  AmeriCftn  ChemiBt,  October,  1871 ;  Ohem.  News,  niv,  100,  172. 
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above  the  mercury  by  means  of  a  pipette,  and  replaced  it  with 
clean  water ;  doing  this  several  times  before  disconnecting  the 
platinum  dish  from  the  battery.  Then,  upon  decanting  the 
very  feebly  acid  supernatant  liquid,  the  metal  remained  per- 
fectly bright  and  clean.  It  was  only  necessary  after  this  to 
rinse  thoroughly  with  pure  water,  then  with  alcohol,  and  lastly 
with  ether,  and  to  dry  under  the  receiver  of  an  air-pump.  Two 
determinations  made  with  mercuric  chloride  gave  respectively 
73-76  and  78-86  per  cent  of  mercury.  Theory  73*80.  There 
are  no  difficulties  in  the  process,  and  no  appreciable  sources  of 
error.  Although  I  have  made  actual  determinations  of  mer- 
cury only  with  the  chloride,  I  have  tested  other  salts  of  the 
metal  and  have  found  that  the  precipitation  is  similarly  perfect 
In  one  instance  I  employed  a  solution  of  mercury  containing  a 
heavy  precipitate  oi  basic  sulphate.  This  precipitate  was 
readily  and  completely  decomposed  by  the  electric  current,  so 
that  ultimately  nothing  but  metallic  mercury  remained  visible 
in  the  solution.  In  every  case,  mercurous  compounds  appear  to 
be  thrown  down  first,  so  that  their  final  disappearance  furnishes 
a  sharp  end  reaction  to  indicate  when  the  operation  is  complete. 

IX.  Same  Specific  Oravity  Determinatione. 

The  following  specific  gravity  determinations  represent  work 
done  by  my  students  and  myself  during  the  school  year  1877- 
1878.  Those  portions  of  the  work  which  were  entrusted  to 
students  were  carried  out  under  my  immediate  supervision,  and 
every  precaution  was  taken  to  ensure  a  fair  degree  of  accuracy. 
The  salts  were  all  weighed  in  benzol,  and  the  figures  refer  to 
water  at  its  temperature  of  maximum  density  as  unity. 

To  Mr.  W.  El  Creighton  and  Mr.  E.  F.  Wittmann  I  assigned 
mercuric  cyanide  and  some  of  its  double  compounds.  For  the 
cyanide  itself,  HgCy,,  we  found  a  sp.  gr.  of  4-0262  at  12®, 
Creighton ;  4*0026  at  22-2,  Wittmann ;  and  4-0036, 14"*  2,  F.  W. 
Clarke.* 

For  the  oxy -cyanide,  HgCy,HgO,  Mr.  Creighton  found  4-437 
at  19^-2,  and  I  myself,  in  two  determinations,  4*428  and  4-419 
at  23** -2. 

For  the  double  salt  HgCyaHgCl,,  Mr.  Wittmann  obtained 
the  values  4*681,  21°*7,  and  4*514,  26^ 

For  the  double  cyanide  of  mercury  and  potassium  we 
have,  from  experiments  made  by  Mr.  Creighton,  2*4470,  21*'-2; 
2-4620,  21^-5;  and  2*4551,  24^  This  salt  is  the  well  known 
2KCy.HgCy,. 

Mercuric  bromide,  prepared  by  Mr.  Miles  Beamer,  gave 
5-7461,  18^  and  57298, 16^t 

*  Bddeker,  Jahresbericht  1860,  gives  for  HgOy^  the  value  3*77,  18'. 
f  Karsten,  Schweigg.  Joum.,  v.  65,  gives  6*9202. 


202  F.  W.  darke— Specific  Oravity  Determinai 

The  double  bromide  of  mercury  and  potassium  was  also  pre- 
pared and  examined  bv  Mr.  Beamer,  both  in  the  hydrated  and 
the  anhydrous  state.  For  the  salt  HgBr,,  KBr,  he  found  4*412, 
n°2;  4-41&,  U°-5;  4-8»96,  20"-5.  For  the  hydrated  salt, 
HgBr,  KBr.  H,0,  as  a  mean  of  six  concordant  detenniDations 
taken  between  20'  and  24°,  he  found  a  sp.  gr.  of  S-867.  The 
potiisaium  bromide  used  io  these  preparations  gave  a  ep.  gr.  of 
2-712,  12''-7.* 

Mr.  Beamer  also  redetermined  the  specific  gravity  of  tbe 
curioas  double  salt  {NH,),Cr,0,  .HgCl. .  H.O,  finding  it  to 
be  3-329,  21°. 

Mercuric  iodide  and  a  couple  of  double  ealta  were  determined 
by  Mis-s  Mary  E.  Owens.  For  Hgl,,  the  mean  of  seven  experi- 
ments between  10°  and  19°,  is  6'281.+ 

For  the  double  iodide,  2(KI.HgIJ.3H,0,  the  sp.  gr.  is 
4-289,  23''-5  ;  and  4-254,  22°. 

For  the  iodide  of  mercury  and  tetramethylammoaium, 
N{CH,),I.HgI„  were  found  the  values  8-968,  24°;  3-976, 
23°-6;  8-971,24'';  4003,  23''-2.  The  iodide  of  tetramethyl- 
ammonium  itself,  well  crystallized,  was  found  by  Miss  Owens 
to  have  a  sp.  gr.  of  1-327,  17°;  and  1-831,  19°-5. 

Cadmium  cnloride  and  some  of  ita  double  compounds  were 
examined  by  Mr.  Walter  Knight. 

The  anbydrouB  ebloride,  CdCI,,  gave  as  a  mean  of  three 
determinations  the  value  3-938,  2S°.J  The  bvdi-ated  salt, 
GdCI,.2n,0,  gave  a  sp.  gr.  of  ^-339,  I8°-2:  3-320,  23=-2; 
8-814,  23°-6. 

The  double  chloride  of  cadmium  and  strontium,  2CdCl,. 
SrCl, .  7HjO,  in  fine  crystals;  as  a  mean  of  three  experiments, 
was  (bund  to  have  a  ap.  gr.  of  2-718  at  24°, 

And  the  barium  salt,  CdCl, .  BaCl, .  4H,0,  gave  tbe  valaes 
2-952,  24°-5;  and  2-966,  25°2.§ 

Several  salts  of  acids  belonging  in  the  xanthic  acid  series 
were  prepared  by  students  under  the  direction  of  Professor 
R  B.  Warder ;  and  of  these,  three  well  crystallized  examples 
bad  their  specific  gravity  determined. 

Potassium  methyldisulphocarbonate,  K.CHj.COS,,  pre- 
pared by  Mr.  E.  P.  Bishop,  has  a  sp.  gr.  of  1-7002  and  1-6754 
at  15° -2. 

Potas-sium  ethyldisulphocarbonate  was  determined  by  Miss 
Helena  Stallo  and  by  Dr.  J.  P.  Geppert  Miss  Stallo  found  the 
sp.gr.  to  be  1-5564,  18°-2;  and  1-5576,  21°-6.  Dr.  Geppert's 
determination  gave  1-558,  21°. 

•  Schroder's  mean  vnlue  fnr  this  wdt  is  2'69l).     Pogg.  Ann.,  18B9. 
f  Filhol,  Ann.  d.  Chim.  et  Fhjs.  Ill,  ixi,  1847,  gives  6-2.i0. 
t  Hodeker  giTes  a  Bp,  gr.  at  3-6354,  13°.     .rahresb.,  IS60. 
g  TopBoe,  Uhem.  CeotrslbUtt,  iv,  76,  found  2968. 
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Potassium  isobutyldisolphocarbonate,  also  detennined  by 
Miss  Stallo,  has  a  specific  gravity  of  1*8718,  IS"";  and  1*8882, 
14*^-5. 

A  particularly  interesting  series  of  observations  was  made 
by  Miss  Stallo  upon  the  formates  and  acetates  of  cobalt  and 
nickel.  I  am  unable  to  find  any  adequate  account  of  these 
salts  beyond  the  mere  fact  that  they  form  crystalline  crusts. 
Even  the  water  of  crystallization  in  them  seems  hitherto  not  to 
have  been  determinea.  Miss  Stallo  prepared  these  compounds 
by  dissolving  the  carbonates  of  the  metals  in  the  respective 
acids,  estimated  the  water  contained  in  them,  and  determined 
the  density.  The  formates  of  cobalt  and  nickel  crystallize 
with  two  molecules,  and  the  acetates  with  four  molecules  of 
water.    The  sp.  grs.  are  as  follows : 

Cobalt  formate,  2-1286,  22° ;  21080,  20°'2. 

Nickel        "  2-1647, 20''*2. 

Cobalt  acetate,  1-7081, 16°-7;  1*7048, 18''-7. 

Nickel        "  1-7443,  16***7;  1-7346,  17°*2. 

Miss  Stallo  also  prepared,  with  a  view  to  future  description, 
the  cobalt  and  nickel  salts  of  monochloracetic  and  trichloracetic 
acids.  These  salts  are  readily  crystallizable,  and  seem  likely 
to  be  interesting.  Cobalt  valerate,  which  Mr.  J.  L.  Davis 
attempted  to  prepare,  was  obtained  by  him  onlj*^  as  a  red, 
gummy  mass,  of  a  very  unsatisfactory  character. 

Another  series  of  experiments  having  a  certain  theoretical 
interest,  relates  to  some  salts  analogous  to  the  sulphovinates. 
The  data  obtained  are  as  follows : 

Barium  methylsulphate,  Ba(CH3),(S0^,  .2H,0,  2*278, 
19^*2 ;  and  2-279,  21'*-2,  determined  by  Dr.  Geppert 

Barium  ethylsalohate,  2-080,  21''-7 ;  2*0714,  22''-6 ;  Dr.  Geppert. 

Barium  propylsulphate,  1-889,  20**-6;  1-844,  20^-6;  Dr.  Geppert 

Barium  isobutylsulphate,  1778,  21°-2;  1-748,24^-2;  Mr.  W.  H. 
Schuermann. 

Barium  amylsulphate ;  1-628,  21'' -2;  1*682,  22*";  Mr.  John  Whet- 
stone. 

If  now,  we  calculate  the  molecular  volumes  of  these  salts,  we 
shall  find  them  separated  by  approximately  equal  differences. 
If  we  assume  these  differences  to  oe  really  equal,  and  distribute 
the  experimental  error  among  the  several  salts,  we  can  get  the 
following  interesting  series  of  theoretical  values. 

MethylBuIphate,  molec.  vol.  176,  calc.  sp.  gr.  2-244. 

Ethyfculphate,        "         "  209,     "        "  2-024. 

Propylsulphate,      "         "  242,    "        «  1-863.    . 

Isobutylflulphate,   "         **  276,    "        "  1-780. 

Amylsulphate,        "         "  808,    "        "  1-646. 
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These  calculated  values  correspond  to  a  supposed  constant 
difference  in  the  molecular  volume,  of  i6'5  for  each  CH,  group  ; 
a  difference  which  holds  in  a  great  many  series  of  compouna& 
This  difference  may  aleo  be  made  out,  wilhtn  narrow  limiu  of 
approximation,  in  the  series  of  sulphocarbonates  previously 
given.     Here,  for  example,  we  have,  very  nearly, 

Methyl  salt,  molec.  voL  B8,  calc.  sp.  gr.  1'658. 
Ethyl  "  "  "  104'5,  calc.  Bp.  gr.  1'53I, 
Isobutyl"         "         "    137'5,     "         "        1*367. 

It  will  be  seen  that  all  these  calculated  specific  gravities 
agree  closely  with  those  actually  found;  and  that,  curiously 
enough,  the  molecular  volumes  thus  assumed  are  exact  multi- 
pies  by  whole  numbers  of  Kopp'a  well  known  value  for  hydro- 
gen, 60.  Are  these  regularities  mere  coincidences,  or  do  they 
indicate  the  existence  oE  some  general  law  ? 

I  may  give,  in  conclusion,  a  few  determinations  of  specific 
gravity  made  by  myself. 

Potassium  cliloroplatinite,  PtCI,.2KCI,  32909,  21°;  and 
83056,  20''-3. 

Telluric  acid,  crystallized,  H,TeO,.2H,0,  2-9999,  25° -5 ; 
and  29649,  26'''5* 

Telluric  acid,  H,TeO.,  3-425,  18°-8;  3458,  19°-1;  S-410, 

Ammonium  tellurate,  (NH,),TeO,,  8-024,  24"-5  ;  S -012,  25°. 

Thallium  teilurate.  For  this  compound,  hitherto  undeacribed. 
I  can  give  only  a  few  jireliminnry  facts.  By  a  series  of  mishap.'^ 
my  materia!  became  exhausted,  so  that  I  was  unable  to  comulete 
the  investigation  of  the  substances  obtained.  Metallic  thallium 
is  not  attacked  even  by  a  boiling  solution  of  telluric  acid. 
When,  however,  a  solution  of  ammonium  tellurate  is  added  to 
one  of  thallium  nitrate,  a  heavy  white  precipitate  falls,  some- 
what resembling  silver  chlorida  This  precipitate,  dried  at  100°, 
has  a  sp,  gr,  ol  5  687,  22°;  and  5-712,  20°.  Heated  to  about 
180°  it  turns  to  a  pale  straw-yellow  color,  and  loses  1'46  per 
cent  of  water,  Tne  specific  gravity  of  this  yellow  salt  is 
6-742,  16°;  6-760,  17°-5,  Heated  to  redness,  the  thallium 
tellurate  fuses,  and  is  reduced  to  tellurite.  This,  when  hot,  is 
almost  black  ;  but  solidifies  on  cooling,  to  a  clear  lemon-yellow 
glass.  The  exact  composition  of  these  salts  remains  to  be 
determined,  and  I  hope  to  return  to  them  at  some  future  time. 
*  Oppesheim,  Jahreabericht,  z,  213,  gires  !'34l). 


A.  K  VerriU — Marine  Fauna  o/Norih  America.        207 


Abt.  XX.  —  Notice  of  recent  additions  to  the  Marine  Fauna  of 
the  eastern  coast  of  North  America  ;  by  A.  E.  Verrill.     Bfnef 
Contributions  to  Zoology  from  the  Museum  of  Yale  College,     No. 
XXXVHL 

During  the  summer  of  1877,  extensive  explorations  were 
made  by  the  U.  S.  Fish  Commission  in  the  U.  S.  Steamer 
'^Speedwell,"  Commander  Kellogg,  in  Massachusetts  Bay;  in 
the  Gulf  of  Maine;  oflf  Nova  Scotia;  and  in  the  vicinity  of  Hal- 
ifax. The  dredging  and  trawling  were  very  successful,  and  a 
large  and  valuable  collection  was  secured,  both  of  fishes  and 
invertebrata,  including,  in  all  classes,  many  European  and 
Greenlandic  forms  not  before  obtained  on  the  American  coast. 
As  in  previous  years  the  invertebrate  collections  and  the  direc- 
tion of  the  dredging  were  in  charge  of  the  writer,  who  was 
specially  assisted  by  Mr.  E.  B.  Wilson,  while  Messrs.  G.  Brown 
Goode  and  T.  H.  Bean  were  in  charge  of  the  fishes.  Having 
hitherto  been  unable  to  publish  any  account  of  these  explora- 
tions, a  few  of  the  more  interesting  species  are  noticed  below, 
together  with  others  from  different  sources. 

MOLLUSCA. 

Architeuthis  megaptera  Verrill,  sp.  nov. 

Much  smaller  than  the  previously  known  species,  the  total 
length  of  the  body  and  heaa  being  but  nineteen  inches.  Body 
relatively  short  and  thick.  Caudal  fin  more  than  twice  as  broa(i 
as  long,  the  length  about  half  that  of  the  body.  Its  form  is 
nearly  rhombic,  with  the  lateral  angles  produced  and  rounded, 
and  the  posterior  angle  very  obtuse,  the  posterior  edge,  as  pre- 
served, being  slightly  concave.  The  ventral  anterior  edge  of 
the  mantle  is  concave  centrally,  with  a  slight  angle  to  either 
side,  about  '76  inch  from  the  center;  from  (hese  angles  it  is 
again  concave  to  the  sides ;  on  the  dorsal  side  the  edge  advances 
farther  forward  than  beneath,  tenninating  in  a  slightly  prom- 
inent obtuse  angle  in  the  middle  of  the  dorsal  edge.  The  eve- 
sockets  are  large,  oblong,  and  furnished  with  distinct  lid  like 
margins;  the  eyes  are  large,  oblong,  and  naked.  The  short 
arms  are  triquetral,  the  upper  ones  somewhat  shorter  and  smaller 
than  the  others,  which  are  nearly  equal  in  length,  the  second 
pair  being  stouter  than  the  rest,  and  a  little  longer.  The  ten- 
tacular arms  are  slender,  elongated,  expanded  toward  the  tip, 
and  have  suckers  arrangeid  much  as  in  the  gigantic  species,  even 
to  the  smooth-edged  suckers  and  opposing  tubercles,  proximal  to 
the  large  suckers,  as  I  have  formerly  described  tnem  in  A, 
monachus.  The  sucker-bearing  portion  is  margined  by  a  mem- 
brane on  each  side. 
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Larger  suckers  of  sessile  arms,  very  oblique,  with  tbe  rim 
strong,  dark  brown,  bearing  large,  strong,  sharp,  much  incurved, 
unequal  Weth  on  the  outer  aide  of  tbe  rim  ;  tbe  inner  margin 
18  entire.  On  the  middle  or  larger  suckers  of  the  ventral  arms, 
there  are  seven  large  teeth,  the  middle  one  longest,  while  to 
either  side  there  is  one  nearly  as  large,  with  a  smaller  one  each 
side  of  iL 

Total  leuglb,  43  inches ;  length  of  body  and  head,  19 ;  length 
of  body  from  dorsal  edge  of  mantle,  14;  from  ventral  edge, 
13 ;  of  head  from  edge  o!  mantle  to  base  of  arms,  5 :  length  of 
long  tentacular  armo,  22  and  24  inches  respectively ;  of  first 
(dorsal)  pair  of  arma,  6'5 ;  of  eecond  pair,  8 ;  of  third  pair,  8'6 ; 
of  fourth  pair,  8;  length  of  caudal  (in,  6;  breadth,  13'5;  breadth 
across  body,  5;  circumference  of  body,  12 '6;  length  of  eye- 
socket,  1-26  ;  its  breadth,  -75 ;  length  of  sucker-bearing  portion 
of  tentacular  arms,  6-5;  of  portion  bearing  lar^e  suckers,  S-SS; 
breadth,  '76 ;  length  of  terminal  portion,  1'5 ;  diameter  of  naked 
or  peduncular  portion,  -SS  to  '50 ;  breadth  of  dorsal  arms  at 
base,  "76 ;  of  second  pair,  1'12  ;  of  third  pair,  1 ;  of  fourth  pair, 
1;  diameter  of  largest  tentacular  suckers.  '36  to  "40;  of  their 
rims,  '28  to  '32 ;  diameter  of  largest  suckers  of  ventral  arms, 
"40 ;  of  their  rims,  "28  lo  "32  of  an  inch. 

Color,  reddish  brown  speckled  with  darker  brown,  much  aa 
in  the  common  small  squids. 

This  unique  specimen  was  cast  ashore,  during  a  severe  gale, 
near  Cape  Siible,  N.  S.,  several  years  ago,  and  was  secured  for 
the  Provincinl  Mu.seum  at  Halifax  by  J.  Matthew  Jones,  Esq. 
It  is  preserved  entire,  in  alcohol,  and  is  still  in  good  condition. 
RoMia  Hyatti  Verrill,  sp,  nov. 

Body  subcylindrical,  usually  broader  posteriorly,  in  preserved 
specimens,  variable  in  form  according  to  contraction,  its  dorsal 
surface  covered  with  small,  conical,  scattered,  whitish  papillee, 
which  are  also  found  on  the  upper  and  lateral  surfaces  of  the 
head  and  base  of  arms ;  those  around  the  eyes  largest ;  one  on 
the  mantle,  in  the  median  line,  near  the  front  edge,  is  elongated. 
Front  border  of  mantle  sinuous,  slightly  advancing  in  the  mid- 
dle, above.  Fins  moderately  large,  nearly  semi-circular,  attached 
from  the  posterior  end  for  about  four-fifths  the  whole  length, 
the  front  end  having  a  small,  rounded,  free  lobe.  The  distance 
from  posterior  junction  of  fin  to  end  of  body  is  less  than  that 
from  anterior  junction  to  edge  of  mantle,  the  center  of  the  fin 
being  at  about  the  middle  of  the  body.  Siphon  elongated,  con- 
ical, with  small  opening.  Head  depressed,  more  than  half  the 
length  of  the  body.  Eyes  large,  the  lower  eyelid  more  prom- 
inent but  not  much  thickened.  Sessile  arms  short,  united  at 
their  bases  by  a  short  web,  which  is  absent  between  the  ventral 
arms ;  the  dorsals  are  shortest ;  the  third  pair  the  longest  and 
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largest;  the  secoDd  pair  and  ventrals  about  equal  in  leugth. 
Suckers  numerous,  sub^lobular,  not  very  small ;  near  the  base 
of  the  arms  they  are  biserial,  there  being  usually  four  to  six 
thus  arranged  in  each  row ;  then  alon^  the  rest  of  the  length 
of  the  arms  they  become  more  crowded  and  foim  about  four 
rows,  those  in  the  two  middle  rows  alternating  with  those  in 
the  marginal  rows ;  toward  the  tip  they  become  very  small  and 
crowded,  especially  on  the  dorsal  and  ventral  arms.  The  num* 
ber  of  suckers  varies  with  age,  but  on  one  of  the  larger  speci- 
mens thOT  were  as  follows :  on  each  dorsal  arm,  sixty ;  on  one 
of  second  pair,  fifty- five;  of  third  pair,  fifty-three;  of  ventral, 
sixty-five.  In  this  specimen  the  third  arm  of  the  right  side  and 
ventral  arm  of  left  side  were  abruptly  terminated  (perhaps  acci* 
dentally),  while  the  others  were  tapered  to  acute  points.  Ten- 
tacular  arms,  in  preserved  specimens,  will  extend  back  to 
posterior  end  of  body,  the  naked  portion  smooth,  somewhat 
triquetral,  with  the  outer  side  convex  and  the  angles  rounded ; 
terminal  portion  rather  abruptly  widening,  lon^  ovate-lanceolate, 
curved  and  gradually  tapering  to  the  tip,  the  sucker- bearing 
portion  bordered  by  a  wide  membrane  on  the  upper  and  a  nar- 
row one  on  the  lower  margin ;  the  suckers  are  very  small,  sub- 
globular,  crowded  in  about  eight  to  ten  rows  in  the  widest 
portion. 

Color,  pinkish,  thickly  spotted  with  purplish  brown  above, 
paler  and  more  sparsely  spotted  beneath  ana  on  outside  of  long 
arms ;  inner  surface  of  arms  and  front  edge  of  mantle  pale. 

Length  from  base  of  arms  to  posterior  end,  40™™ ;  of  body, 
25  ;  of  head,  16 ;  breadth  of  body,  17 ;  of  head,  17 ;  length  of 
fins,  16:  of  insertion,  11 ;  breadth  of  fin,  8;  front  of  fin  to  edge 
of  mantle,  6 ;  length  of  free  portion  of  dorsal  arms,  12*5 ;  of  sec- 
ond pair,  16 ;  of  third  pair,  18 ;  of  ventrals,  IS ;  of  tentacular 
arms,  40 ;  breadth  of  dorsal  arms,  at  base,  8*6 ;  of  second  pair, 
S'5;  of  third  pair,  4;  of  ventrals,  8*6;  of  tentacular  arms,  at 
base,  2 ;  at  expanded  portion,  8*6 ;  length  of  latter,  10*6 ;  diam- 
eter of  largest  suckers  of  sessile  arms.  0*9 ;  length  of  free  portion 
of  siphon,  7™". 

Massachusetts  Bay,  in  fifty  fathoms,  mud ;  off  Cape  Sable, 
N.  S.,  eighty-eight  to  ninety-two  fathoms,  on  hard  sandy  bot- 
tom ;  off  Halifax,  fifty-seven  to  one  hundred  fathoms,  on  com- 
pact sandy  mud,  in  September,  with  eggs.  Frequently  asso- 
ciated with  Octopus  Bairdii  V.,  and  the  following  species. 

Itaeeia  mNoevis  Verrill,  sp.  nov. 

Larger  and  relatively  stouter  than  the  preceding  species,  with 
the  fins  larger  and  placed  farther  forwara,  the  front  edge  of  the 
large  free  lobe  reaching  nearly  to  the  edge  of  the  mantle.  Head 
large  and  broad.  Sessile  arms  more  slender  and  less  unequal 
in  size  than  in  the  preceding,  and  with  the  suckers  arrangea  in 
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two  regular  rows  throughout  the  whole  length.  Anterior  edge 
of  mantle  scarcely  sinuous,  ndvancing  but  little  dorsally.  Upper 
surface  of  the  body  and  head  nearly  smooth,  but  in  the  larger 
Bpecimena  usually  with  a  few  very  small  whitish  papillae,  most 
numerous  near  the  front  edge  of  the  mantla  Color  nearly  sa 
in  the  preceding  species. 

One  of  the  largest  specimeng  measures,  from  base  of  arms  to 
end  of  body,  46™* ;  length  of  body,  81 ;  of  head,  15 ;  breadth 
of  body,  22 ;  of  head,  23 :  length  of  fins,  20 :  of  their  insertion, 
IQ ;  breadth  of  fins,  10 ;  front  edge  of  fin  to  edge  of  mantle,  2'5 ; 
length  of  free  portion  of  dorsal  arms,  16 ;  of  second  pair,  17  ;  of 
third  pair,  20 ;  of  ventrals,  15 ;  of  tentacular  arms,  26 ;  breadth 
of  dorsal  arms  at  base,  3 ;  of  second  pair,S;  of  third,  S"5;  of 
venlrals,  3-5;  of  tentacular  arms,  85;  of  tbeir  terminal  portion, 
8'75;  itB  length,  10;  diameter  of  largest  suckers  of  sessile  arms, 
■8 ;  length  of  free  portion  of  siphon,  7°". 

Taken  with  the  preceding  species,  and  is  the  more  common  of 
the  two,  in  Massachusetts  Bay.     The  differences  may  prove  to 
be  only  sexual,  but  this  cannot  be  determined  without  a  larger 
number  of  specimens. 
Oc(opi(«  gi-anu/oTua  Lamarck ;  D'Orbigny. 

A   specimen,   believed  to  belong  to  this  species,  and  similar 
to  those  taken  at  Cape  Hatteras,  was  collected  in  the  spring  of 
1877,  in  Vineyard  Sound.  Mass.,  by  Mr.  Vinal  N.  Edwards. 
Buccinvm  tenue  Gray;    Stimpson,  Review  of    Northern  Bucci- 

numa,  Can.  Katuralist,  aath.  copy,  p.  14. 

BaoMutni  tcalariformt  Beck ;   DawRon  ;  Packard. 

Dredged  alive,  in  considerable  numbers,  in  1877,  off  Cape 
Sable,  N.  S.,  in  88  to  92  fathoms,  on  a  bottom  of  fine  compact 
sand.     The  specimens  all  belong  to  a  small  form  of  the  species. 
It  had  not  been  found  so  far  south  previously. 
£uccinum  cyaneum  Brag. ;  Stimpson,  loc.  cit.,  p,  19. 

BucciiuiTn  hydTophanum  Hancock ;  Reeve. 

The  smaller  form  of  this  species  was  taken  with  the  last, 
living,  and  in  about  equal  abundance.  It  has  hitherto  been 
regarded  as  eminently  arctic.  We  have  recently  received 
additional  specimens,  taken  in  200  fathoms,  oS"  Sable  I,  by  the 
schooner  Lizzie  K.  Clark. 
N^>tunea  propinqua  {Faaia  propinquut  Alder). 

A  number  of  fine  living  specimens  of  this  were  taken  with 
the  two  preceding  species.  Tiiey  have  been  identified  by  Mr. 
W.  H.  Dall,  by  direct  comparison  with  European  specimens, 
with  which  they  agree  perfectly.  This  species  can  be  distin- 
guished at  once  from  the  far  more  common  N.  iHtimpsoni  (Mdrch, 
sp.,  1868,  teste  Dall  =  Fusiis  Islandicus  Gould,  and  f,  curtus 
Jereys)  by  its  shorter  form  and  hairy  epidermis. 
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Triopa  lacer  Lov6n. 

This  interesting  addition  to  the  North  American  fauna  was 
dredged  in  1877,  at  several  localities,  in  Massachusetts  Bay,  in 
40  to  50  fathoms ;  and  off  Nova  Scotia,  in  80  to  100  fathoms. 

ScyUosa  EdwardHi  Verrill,  sp.  nov. 

A  large  species,  the  body  in  extension  nearly  three  inches 
long  and  half  an  inch  high,  with  the  four  dorsal  branchiferous 
lobes  about  equaling  in  height,  or  exceeding,  the  elevation  of 
the  body.  Foot  very  narrow.  Tentacular  sheaths  stout, 
expanding  at  the  ena  into  a  large,  flat,  rounded  lobe,  most 
prominent  p)osteriorly ;  the  small,  plicated  tentacle  projecting 
m)m  a  funnel-shaped  orifice  in  its  outer  anterior  margin. 
Branchiferous  lobes  expanding  into  a  broad,  thin,  spatulate,  or 
paddle-shaped,  terminal  portion,  narrower  and  thicKcr  toward 
the  base,  the  margins  oi  the  thin  portions  sinuous ;  the  two 

{)airs  far  apart ;  their  inner  surfaces  covered  with  small,  trans- 
ucent,  whitish,  arborescently  branched  gills,  which,  project 
beyond  their  margins;  similar  gills  are  situated  along  the 
back  in  front  of  and  behind  the  posterior  pair  of  lobes,  and 
also  on  the  sides  of  the  caudal  lobe,  which  is  broad,  elongated, 
curved,  upward  and  backward  in  extension,  or  concave  in  out- 
line posteriorly,  rounded  at  summit,  and  not  so  high  as  the 
dorsal  lobea 

Color  of  living  sp)ecimen,  sent  by  Mr.  Edwards,  rich  brown- 
ish yellow  or  orange,  irregularly  more  or  less  spotted  with 
deeper  orange-brown  blotcnes,  and  with  opaque  white  specks, 
blotches  and  streaks.  A  band  of  deep  yellowish  brown  runs 
along  each  side  of  the  back,  interrupted  by  the  dorsal  lobes, 
and  extending  up  their  outer  edges ;  edges  of  the  dorsal  lobes, 
tentacular  sheaths,  and  caudal  lobe  fiake-white,  which  color 
also  borders  the  brown  band.  Along  each  side  of  the  body 
is  a  row  of  six  or  seven  small,  round,  iridescent,  purplish 
blue  spots,  and  some  smaller  ones  occur  on  the  middle  oi  the 
back.  Anterior  surface  of  tentacular  sheath  iridescent  bluish. 
Along  the  sides  is  a  row  of  small  white  papillae,  and  similar 
ones  extend  along  the  white  line  of  the  back.  Tentacles 
orange,  the  plications  edged  with  orange-brown,  the  tips  white. 

Taken  in  the  autumn  of  1877  by  Mr.  Vinal  N.  Edwards,  at 
Wood's  Holl,  Masa,  on  eel-grass  (Zostera)  in  the  harbor,  and 
in  Vineyard  Sound  on  floating  JSargassum.  I  am  also  indebted 
to  Mr.  Edwards  for  a  colored  drawing  of  this  species,  made  by 
Mr.  C.  N.  Webster,  and  accompanied  by  notes  describing  the 
appearance  of  the  specimen  when  first  captured.  The  speci- 
men described  above  was  not  very  active,  though  in  pretty 
good  condition,  when  received. 
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Anthozoa, 
Keratouit  omata  Venill,  ep.  nov. 

Coiallum  tal]  (over  two  feet  high),  gpreading,  arborescently, 
but  distaotly  and  irregularly,  branched,  the  branches  spreading, 
often  nearly  Ht  right  angles,  elongated,  rather  slender,  gradually 
tapering,  giving  off,  in  the  same  manner,  elongated  branchlets. 
Trie  branchea  and  branchlets  mostly  arise  from  near  the  proxi- 
mal end  of  the  calcareouB  joints,  but  sometimes  from  the  mid- 
dle. The  calcareous  joints  are  ivory-white,  elongated,  round, 
slightly  enlarged  at  the  ends,  faintly  and  often  indistinctly 
striated  longitudinally,  appearing  smooth  to  the  naked  eye,  but 
finely  granulous  under  a  fens.  Chitinous  joints  golden  yellow 
or  bronze-color,  short,  scarcely  longer  than  thick  in  the  larger 
branches,  about  twice  as  long  as  thick  in  the  smaller  one^ 
where  they  become  translucent  and  brownish  or  amber-color, 
without  the  metallic  luster  seen  in  those  of  the  lai^er  branches. 
The  coenencbyma  and  polyp-cells  are  mostly  absent,  but  ao  far 
as  can  be  ascertained  from  the  small  patches  remaining,  the 
coenencbyma  is  thin,  pale  yellowish,  and  filled  with  rather 
large  fusiform  spicula;  and  the  polyp-cells  are  rather  distant, 
in  the  form  of  somewhat  prominent  verrucffi,  strengthened  by 
rather  largo  projecting  Bpicula. 

Height  of  tallest  specimen,  2(1  inches:  breadth,  18  inches; 
length  of  longest  undivided  branchlets,  12  to  16  inches ;  diam- 
eter of  fnlciireou3  joinia  of  m.iin  stem  (base  absent),  "35  inch 
(fl"") :  of  the  latter  branches,  '20  inch  (5"") ;  length  of  the 
calcareous  joints  in  the  larger  branches,  1-25  to  1"95  inches  (30 
to  48""",  but  mostly  about  40""°) ;  diameter  in  smaller  branch- 
lets,  about  -06  inch  (1-5""") ;  length,  -75  to  1-26  inches  (19  to 
82""") ;  length  of  chitinous  joints  of  larger  branches,  -10  to  -20 
inch  (2-5  to  6""). 

Two  specimens  were  taken  by  Mr.  Philip  Merchant,  of  the 
schooner  Marion,  off  Sable  Island,  N.  S.,  in  about  250  fathoms, 
on  a  trawl  line. 

This  is  a  large  and  beautiful  species  of  a  group  formerly  cod- 
sidered  chiefiy  tropical  in  habitat  The  golden  or  bronzy 
chitinous  joints  contrast  finely  with  the  clear  ivory-white 
calcareousjoints.  The  genua  was  founded  by  Professor  K. 
Perceval  Wright,  in  1869,  for  a  species  taken  in  deep  water, 
ofi'  the  coast  of  Portugal. 
AcoTteiia  Nbrmani  Verrill. 
XiipaM  arbaicala  VIotaaa,  Proc  Bo^ftl  Soc,  p.  310,  187S  (non  Johnwn,  1BS3). 
Two  fine  specimens  of  this  elegant  species  were  obtained  by 
Mr.  Merchant,  with  the  preceding  species.  A  third  specimen 
was  brought  in  bv  Mr.  M.  J.  Murphy,  from  Banquereau,  in 
the  same  region.    The  species  was  first  described  oy  Norman 
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from  a  specimen  collected  off  the  coast  of  Greenland,  in  410 
fathoms,  oy  the  Valorous  Expedition,  in  1875. 

Our  specimens  are  nearly  perfect,  with  the  cells  and  coenen- 
chyma  well  preserved.  They  are  from  seven  to  eleven  inches 
high ;  and  from  six  to  ten  oroad.  They  are  much  branched, 
in  the  form  of  a  dense  bush  or  small  shrub,  the  branches  aris* 
ing  mostly  in  whorls  of  three  or  four,  from  the  chitinous  joints, 
and  spreading  nearly  at  right  angles ;  the  secondary  branches 
arise  m  the  same  way,  but  the  final  branchlets  mostly  arise 
singly,  or  in  pairs,  llie  coenenchjrma  is  very  thin,  yeUow  or 
brown,  and  mled  with  fusiform  spicula,  arranged  in  lines ;  the 
polyp-cells  are  scattered,  very  large  and  prominent,  with  the  base 
ana  distal  half  expanded,  somewhat  hour-glass  shaped,  largest 
toward  the  tips  of  the  branches,  and  covered  with  large  acute 
spicula,  which  project  as  spines  beyond  the  mar^n. 

The  Mopaea  arbusculum  Johnson,  from  Madeira,  is  a  closely 
aUied  species,  for  which  Dr.  J.  E.  Gray,  in  1870,  constituted 
the  genus  AcaneUa.  It  appears,  from  the  figures,  to  have  more 
slender  branchlets,  and  poiyp-cells  of  a  different  form.  The 
coincidence  in  the  names  was,  however,  entirely  accidental. 

Fine  specimens  of  Primnoa  reseda  and  Paragorgia  arborea  are 
often  taken  in  the  same  region  from  which  the  preceding  species 
were  obtained,  as  well  as  from  the  depression  between  St 
George's  and  Le  Have  Banks,  in  200  to  250  fathoms.  One  of 
the  specimens  of  Paragorgia  presented  to  us  is  over  three  feet 
high,  and  some  of  Primnoa  are  nearly  as  talL 

Paramuricea  borealU  Verrill,  sp.  nov. 

Slender,  arborescently  much  branched,  four  inches  (or  more) 
in  height  Cells  scattered,  short  cylindrical,  or  verrucose, 
with  a  series  of  small  spicula  projecting  around  the  edge,  sur- 
mounted by  eight  convergent  groups  of  long,  acute  spicula. 
Ck»nenchyma  thin,  rudely  granulous,  with  irr^ular  rough 
spicula.  Color,  when  dried,  brownish  gray;  axis  slender, 
yellowish. 

Grand  Banks  of  Newfoundland,  on  stone,  with  Primnoa 
reseda.  The  only  specimen  seen  was  sent  to  me  for  examina- 
tion by  Professor  A.  Hyatt,  from  the  Museum  of  the  Boston 
Society  of  Natural  History.  It  is  near  P.  pkucomus^  but  is 
more  slender,  with  longer  cells. 

ECHmODERMATA. 

AMerina  horealis  Verrill,  sp.  nov. 

Pentagonal,  with  a  thick  swollen  body  and  short  thick  rays. 
Upper  sur&ce  closely  covered  with  short  minute  spinules,  of 
nearly  uniform  size,  arranged  in  groups  of  unequal  size.  Scat- 
tered over  the  snr&ce  are  many  papulae  of  rather  large  size, 
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and  dark  purplish  brown  color,  when  contracted  giving  a  spotted 
appearance  to  the  doreal  surface.  Madreporic  plate  small,  about 
half  way  between  center  and  margin.  Margin  tliickened,  with 
an  upper  row  of  slightly  prominerit  plates  apinulated  like  the 
hack ;  below,  and  forming  the  edge,  is  a  row  of  more  prominent 
plates,  their  upper  and  inner  portion  spinulated  like  the  back, 
the  spinules  increasing  in  length  to  the  outer  edge,  where  thev 
are  slender,  elongated,  crowded  and  divergent.  Ventral  plates, 
covering  the  triangular  interbrachial  area,  prominent,  with  une- 
qual, slender,  acute,  divergent  spinules,  those  on  the  distal  edge 
longest  Adambuiacral  plates  with  two  internal  acute  spines, 
forming  a  longitudinal  row,  and  four  or  five  others  in  a  trana- 
verse  row  on  each  plate.  Color,  in  alcohol,  dull  yellow  or  buff, 
with  dark  brown  spots,  due  to  the  papulje. 

Greater  radius,  12"" ;  lesser,  7°"" :  elevation  at  center,  7"™", 

Dredged  near  Cashe's  Ledge,  Gulf  of  Maine,  in  110  fathoms, 
muddy  bottom,  in  1874,  by  Dr.  A,  S.  Packard  and  Mr.  Richard 
Rathban,  on  the  steamer'" Bacbe,"  (Coll.  U.  S.  Fish  Commis- 
sion). 
Lophagi^ furcifer  Verrill. 

Sotaater  Svraftr  Dubeo  and  Eoren. 

Taken  in  the  Gulf  of  Maine,  north  of  George's  Banks,  in  150 
fathoms,  by  Dr.  Packard  and  Mr.  Caleb  Cooke,  on  the  "Baehe," 
in  1872.  This  species  differs  so  widely  from  Solaftfr  in  the 
structure  "f  the  skeleton,  and  the  small  development  of  the 
disk,  as  to  require  the  establishment  of  a  new  genus  for  this 
type.  It  is  specially  distinguished  by  the  highly  developed 
skeleton  of  the  under  side;  differentiated  mai^inal  plates  ;  and 
prominently  reticulated  dorsal  plates. 

Pedlcellagter  typictit  Sars. 

This  species  was  dredged  in  the  Gulf  of  St,  Lawrence,  in  1872, 
by  Mr.  J.  F.  Whiteaves,  who  sent  me  specimens  for  examination, 

Aslerias  steliionura  Perrier. 

This  large  and  remarkable  species,  previously  known  only 
from  Iceland  and  Greenland,  was  dredged  by  our  party,  on  the 
steamer  Speedwell,  in  1877,  at  several  localities  off  l^ova  Sco- 
tia, in  large  numbera  It  was  especially  abundant  off  Cape 
Sable,  in  eighty-eight  to  ninety-two  fathoms,  fine  compact  sand ; 
and  off  Haiifiix  in  one  hundred  fathoms,  sandy  mud,  where  it 
was  aS80ciate<i  with  Aslrogonium  grantilare,  Hippasteria  phryg- 
iana,  Arcliaster  PareHi,  ArchasifT  arcU'cits,  Anledon  Sarsii,  and 
manv  other  arctic  species. 

Tfiis  species  can  be  distinguished  from  all  others  of  our  coast 
by  the  five,  very  long,  angular  arms,  with  long  slender  spines'. 
which  are  surrounded  at  base  by  large  dense  wreaths  of  crossed 
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pedicellarise.  In  life  these  clusters  of  pedicellariae  are  supported 
on  soft  extensible  processes,  which  project  beyond  the  ends  of 
the  spines  of  the  lower  surface^  giving  it  a  very  peculiar  appear- 
ance. Some  of  the  specimens  were  two  feet  in  diameter.  The 
color  was  usually  bright  red  above,  yellowish  below;  some 
specimens  variea  to  orange-red,  and  others  to  purplish  or 
brownish  red,  above. 

Ophiacantha  anomcUa  6.  O.  Sars,  Vidensk-Selsk.  ForhandL,  18Y1. 

A  handsome  species,  having  six  arms,  and  of  a  bright  salmon- 
color  when  living.  A  single  specimen  was  dredged  by  us  in 
the  Qulf  of  Maine,  140  miles  east  of  Cape  Ann,  in  112  fathoms, 
sand  and  gravel,  in  1877. 

With  this  was  associated  another  beautiful  salmon-colored 
species  {fAmphiura  Otteri  Ljung.)  with  five  long  slender  arms. 
Ophioscolex  glacialis  also  occurred  at  the  same  locality.  Both 
the  latter  had,  however,  been  taken  by  our  parties  in  previous 
years. 


b.  m.  s. 

b. 

m.   1. 

12  33  43 

17 

34  19-87 

+16''57'31-5' 

6  comp. 

18  5  53 

17 

17  10-24 

+  9  39  32-2 

10  " 

10  27  68 

16 

30  35-35 

—12  42  22-5 

4  " 

0  42  12 

16 

12  41-68 

—21  18  16-9 

8   " 

Art,  XXI. — Positions  of  the  Comet  discovered  by  Mr.  Lewis  Swift; 
by  C.  H.  F.  Peters.  (From  a  letter  to  the  Editors,  dated 
Litchfield  Observatory  of  Hamilton  College,  Clinton,  N.  Y., 
July  6,  1878.) 

Of  the  comet  found  by  Mr.  Lewis  Swift  of  Rochester  on 
July  6,  the  following  positions  were  here  obtained : 

1878.        Ham.  GolL  iiLt.     a  Comet  6  Comet 

July  7, 
July  10, 
July  19, 
July  23, 

The  approximate  parabolic  elements  herefrom  derived  are  : 

(Epoch)  Time  of  Perihelion  passage,  July  20*763  Berlin  m.  t. 

;r  =  279°62'-06  ' 
Q  =  102  16-72  J-M.  Eq.  1878-0. 
»=    78  11-41 
log  ^  =  0-14360. 
Motion  :  direct. 

Much  labor  would  be  saved  to  astronomers,  if  comet-hunters 
like  Mr.  Swift,  would  indicate  the  position  of  a  new  discovery 
with  a  little  more  accuracy.  For  ootaining  it  with  only  a  few 
minutes'  error,  nothing  else  is  needed  but  a  common  watch 
in  connection  with  the  field  of  the  telescope  used  as  a  ring- 
micrometer. 

All.  JouB.  Sol^Thibd  8BBIB8,  VoL.  XVI,  No.  98.— Sbft.,  1878. 
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Art.   XXII.— 77ie  Waverbj   Group  in  Central  Ohio;  by  L.   E. 
Hicks,  Profcssor  of  Natural  Sciences  in  Denison  Univereitj. 

In  this  paper  I  propose  to  enumerate  and  describe  the  strata 
Iving  between  the  Huron  Shales  (Devonian)  and  the  ba3e  of 
the  Coal  Measures,  and  to  consider  briefly  their  stratigraphical 
relationa  I  shall  use  names  derived  from  localities  in  Licking 
and  Delaware  Counties — not  that  I  wish  to  add  lo  the  already 
profuse  nomenclature  of  this  group,  but  as  a  matter  of  neces- 
sity until  the  application  of  the  names  proposed  by  other  geol- 
ogists has  been  definitely  settled.  The  section  contains  five 
well  defined  members,  named  below  in  descending  order. 

5.  Lickiiig  Shales 100  to  150  feet  thick. 

4.  Black  Hand  Conglomerate  and 

Granville  Beds 86  "    90        " 

a.  Kacooon  Shales 300         " 

2.  Sunbury  Black  Slate 10  "    15         " 

1.  Sunbury  CalciferouB  Sandrock--  90  "100  " 
Tlie  Licking  Shales,  No.  5,  are  well  developed  in  the  hills 
bordering  Licking  River  from  Newark  to  Black  Hand.  They 
lie  seventy  to  eighty  feet  above  the  water  level,  forming  the 
middle  of  the  sloDe  of  these  hills,  the  base  being  composed  of 
the  massive  B!«cK  Hand  Conglomerate  and  the  upper  slopes 
and  summit  of  the  various  strata  of  the  Coal  Measures,  of 
which  the  Coal  Congjomcrdte  and  Massil!<in  Sandstone  produce 
the  most  conspicuous  effects  in  the  landscape.  At  or  near  the 
top  of  No.  5  there  is  usually  a  stratum  of  compact,  fine-grained, 
drab  sandstone,  which  is  quarried  to  some  extent,  having  a 
thickness  of  three  to  ten  feet.  Below  this  are  friable,  earthy, 
gray  or  olive  shales;  and  at  the  bottom,  comprising  about  one- 
third  of  the  whole,  shaly  drab  sandstones.  These,  and  the 
compact  sandstone  at  the  top,  are  fossiliferous.  Spinjera  Car- 
teri,  Avicuhpeclen  Winchelli,  Allorisma  pkuropisiha,  and  other 
characteristic  species  of  the  Ohio  Subcarbonil'erous,  have  been 
obtained  from  this  horizon. 

Wherever  the  Coal  Measures  Conglomerate  exists  it  forms 
the  upper  limit  of  the  Licking  shales,  which  is  then  well 
defined.  In  the  absence  of  the  Conglomerate  the  only  means 
of  determining  its  extent  upward  is  the  position  of  the  com- 
pact sandstone  and  the  presence  of  Subcarboniferous  fossils. 
Frequently  the  sandstone  is  overlaid  by  shales  differing  scarcely 
at  all  from  those  below  it  The  lower  limit,  however,  is  per- 
fectly defined  by  the  upper  surface  of  the  next  stratum,  which 
is  one  of  the  most  distinctive  and  well-marked  of  the  wbole 
group. 
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The  Black  Hand  Conglomerate,  No.  4,  is  seen  at  its  best 
about  Hanover,  though  the  Black  Hand  locality  is  better 
known,  probably  because  the  cliffs  at  that  point  are  more  con- 
spicuous to  the  railway  passenger.  Only  about  half  its  thick- 
ness is  seen  in  these  cliffs.  At  Hanover  the  bottom  layers 
(which,  owing  to  the  eastward  dip,  are  buried  out  of  sight  at 
Black  Hand)  come  into  view  and  reveal  a  total  thickness  of 
eighty-five  to  ninety  feet  It  is  generally  a  rather  fine  pud- 
ding-stone, the  pebbles  of  the  size  of  peas.  Occasionally  they 
are  an  inch  in  diameter,  and,  in  one  case,  I  found  a  quartzite 
bowlder  six  inches  long  and  three  inches  thick  imbedded  in 
the  sandy  matrix.  In  some  places  beds  many  feet  thick  are 
merely  coarse  sandstone,  but  the  partings  are  pebbly.  The 
prevailing  color  is  light  yellow  or  buff;  sometimes  nearly 
white,  again  brick-red.  This  stratum  is  highly  ferruginous, 
but  less  so  than  the  Coal  Conglomerate,  the  upper  layers  of 
which  are  sometimes  a  siliceous  iron  ore.  It  also  contains 
more  earthy  matter  and  less  pure  silica  than  the  Coal  Conglom- 
erate. These  characters,  together  with  the  presence  of  fossil 
nuts  {Cardiocarpony  IVigonocarponj  etc.)  in  the  upper,  and  their 
absence,  so  far  as  yet  observed,  in  the  lower,  might  serve  to 
distinguish  these  conglomerates  if  they  were  in  contact,  instead 
of  being  separated  by  the  Licking  Shales. 

No.  4  is  evidently  a  shore  deposit,  and  it  exhibits  the  typi- 
cal structure  of  a  sea-beach  better  than  any  other  rock  with 
which  I  am  familiar.  There  is,  in  the  first  place,  the  regular 
beach  slope  of  four  to  ten  degrees,  which  for  six  miles  alon^ 
the  Licking  River  is  tolerably  constant  in  direction,  viz :  N. 
10®  to  45°  R  Then  there  are  subordinate  lines  of  oblique 
lamination  dipping  in  all  directions.  These  last  do  not,  how- 
ever, interfere  with  quarrying.  The  rock  splits  along  the 
beach  slope  as  if  that  was  the  dip,  and  comes  out  in  regular 
blocks  of  any  size  desired.  In  ourability  it  is  unsurpassed, 
while  it  is  not  destitute  of  beauty  as  a  building  stone.  Its 
^reat  value  for  canal  locks,  bridge  abutments,  foundations,  etc., 
has  long  been  recognized ;  and  its  capabilities  for  massive  and 
elegant  superstructures  have  been  shown  in  the  erection  of  the 
catnedral  at  Columbus. 

Like  almost  all  Conglomerates,  No.  4  thins  and  disappears,  or 
passes  into  fine  sediments  when  traced  far  from  its  typical 
exposures.  Black  Hand  is  near  the  east  line  of  Licking 
County.  The  Conglomerate  appears  in  full  force  for  seven  or 
eight  miles,  to  some  distance  west  of  Clay  Lick  station  on  the 
Baltimore  and  Ohio  Railroad.  Thence  through  the  center  of 
the  county  its  horizon  is  occupied  by  an  entirely  different  set 
of  beds,  of  which  only  one,  and  that  thin,  bears  any  resem- 
blance to  the  rock  at  Black  Hand.    These  beds  are  character- 
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iBtic  and  important  enough  to  merit  a  full  deacriplion  and  a 
separate  name.  They  are  well  exposed  at  Granville,  and  we 
may  for  coavenience  designate  them  as  the  Granville  beds, 
remembering  that  they  are  only  a  local  modification  of  No,  4, 
or  the  next  highest  member  of  the  Waverly  group.  Follow- 
ing is  the  section  of  these  beds  in  descending  order : 

No.  4<t  Coarse  sandstone  and  conglomerate 3  to  18  feel, 

'•    4c.  Fucoid  layer 7  "  12    " 

"    Ab.  Compact  drab  sandstone  (areiliaceooB). IS  "  'IX    " 
"     <a.  Shaly  "  "  and  shalee  ...  60    '* 

The  upper  member,  No.  W,  thickens  and  grows  coarse  and 

febbly  eastward,  and  tapers  to  a  knife-edge  westward.  Hence 
wa3  at  first  disposed  to  r^ard  it  alone  as  the  equivalent  of 
the  Black  Hand  conglomerate,  and  to  suppose  that  the  rest  of 
the  Granville  beds  dipped  under  that  stratum.  But  careful 
measurements  have  shown  that  the  bottom  of  the  Granville 
beds  near  Newarii  is  nearly  the  same  distance  below  Coal  I.  as 
the  bottom  of  the  conglomerate  at  Black  Hand  ;  so  that,  if  the 
latter  is  superimposed  upon  the  former,  there  must  be  a  sudden 
thickening  of  the  whole  series  to  the  extent  of  eighty  or  ninety 
feet.  The  general  regularity  of  the  dip  renders  this  highly 
improbable. 

The  Fucoid  layer,  No.  4c,  is  composed  of  brown,  gray,  and 
blue,  earthy  shales,  filled  with  the  remains  of  Sjiirophyton 
caii'lu  oalli.  Al  .'snnie  jioints  these  phiiits  are  so  numerous  that 
the  whole  rock  becomes  a  tangled  mass  of  sea-weeds.  It 
weathers  black  by  the  oxidation  of  its  manganese.  The  upper 
half  is  more  friable  than  the  lower,  and  falls  to  pieces  in  being 
removed;  the  workmen  in  some  quarries  call  it  "  soapstone. ' 
The  lower  half,  "nigger-head,"  requires  blasting,  being  quite 
compact  in  the  quarry,  from  which  it  has  to  be  "stripped"  to 
get  at  the  next  layer,  No.  46 :  but  it  soon  falls  to  pieces  under 
the  action  of  the  elements  and  lays  bare  the  rich  treasures  of 
its  molluscan  fauna,  which  the  quarrymen  call  "  bugs"  and 
"  butterflies." 

This  layer  is  so  well  defined  and  j>ersistent  that  it  furnishes  a 
reliable  means  of  determining  the  dip.  This  has  been  found  to 
be  on  the  average  twenty-one  feet  ten  inches  per  mile,  nearly  due 
east.  Instead  of  being  uniform,  however,  this  general  eastward 
slope  is  broken  into  small  waves,  which  correspond  to  the  greater 
ones  in  the  Appalachian  mountain  system,  both  in  direction 
and  in  having  their  western  slope  steeper  than  the  eastern. 

No.  ib  is  a  fine-grained,  easily-wrougnt  sandstone,  extensively 
quarried  at  Newark  and  Granville.  The  shaly  sandstone 
below  it  also  thickens  in  some  places  into  layers  suitable  for 
quarrying,  but  it  is  not  reliable. 
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All  the  Granville  beds  are  fossiliferous.  They  have,  in  fact, 
yielded  a  richer  harvest  to  the  paleontologist  than  any  other 
member  of  the  Waverly.  Not  less  than  seventy -five  species, 
many  of  them  new  to  science,  have  been  foand  in  them  in  a 
tolerable  state  of  preservation ;  and  several  more  have  been 
seen,  but  only  in  fragments  too  imperfect  for  identification  or 
description,  tn  the  upper  lajer,  Iso.  4rf,  the  remains  of  mol- 
lusks  and  crinoids  have  supplied  enough  calcareous  matter  to 
convert  portions  of  the  rock  into  an  impure  limestone.  The 
carbonate  of  lime  dissolves  out  on  exposure  to  the  weather, 
leaving  a  rusty,  rotten  sandstone  full  of  fossils,  but  seldom 
furnishing  a  perfect  or  entire  specimen.  In  the  compact  sand- 
stone the  fossils  are  fairly  preserved,  but  generally  as  "  casta." 
From  the  Fucoid  layer,  however,  beautifully  perfect  shells  are 
obtained  with  both  valves  entire  and  in  position,  the  matrix 
crumbling  away  on  exposure. 

The  unity  of  the  Granville  beds  with  the  Black  Hand  con- 
glomerate, constituting  under  local  modifications  a  single  mem- 
ber of  the  series,  appears  not  only  in  that  they  occupy  the 
same  stratigraphical  norizon,  but  that  there  is  unity  and  har- 
mony in  their  topographical  effects.  Both  combine  to  produce 
the  picturesque  nillv  region  extending  through  the  central  and 
eastern  part  of  Licking  County.  These  effects  are  intensified 
at  Hanover  and  Black  Hand  by  the  Coal  Conglomerate,  or,  in 
its  absence,  the  Massillon  sandstone,  in  the  upper  slopes  and 
summits  of  the  hills,  whose  rugged  aspect  is  further  heightened 
by  mural  cliffs  and  by  the  presence  of  hemlock,  laurel  and 
other  species  which  usually  affect  a  mountainous  habitat 
West  of  Granville  the  hilljjr  region  terminates  somewhat 
abruptly,  only  a  few  comparatively  gentle  swells  beyond  rising 
and  sinking  into  the  general  level  of  the  fiat,  monotonous 
country  underlaid  by  the  Raccoon  shales. 

This  stratum.  No.  8,  appears  in  force  all  along  Raccoon  Creek 
and  its  tributaries,  and  extends  westward  into  Franklin  and 
Delaware  Counties.  An  estimate  based  upon  the  breadth  of 
its  outcrop  and  the  dip,  as  ascertained  from  the  Fucoid  layer, 
makes  its  thickness  three  hundred  feet  It  is  composed  of  blue 
and  gray  shales  full  of  concretionary  masses  of  iron  ore,  which 
are,  however,  mere  shells  filled  with  marl  or  sand.  Near  the 
bottom  some  layers  are  massive  enough  for  quarrying.  No 
animal  remains  have  been  observed  in  it;  but  there  are  abund- 
ant impressions  of  two  species  of  sea-weeds,  one  with  square 
stem  branching  at  right  angles,  the  other  with  round  stem 
branching  in  the  usual  manner. 

The  next  stratum.  No.  2,  as  much  exceeds  the  last  in  interest 
as  it  falls  short  of  it  in  thickness.  It  is  a  black,  bituminous 
shale  containing   shells  of   Lingula  and  Discina^  and  spines, 


220  L.  E.  Hicks—  Waverly  Group  in  Ctntral  Ohio. 

scales  and  teeth  of  fishes.  But  one  outcrop  of  it  is  known  in 
Delaware  County,  and  thnt  was  revealed  only  by  a  systematic 
search  of  a  day  and  a  half.  This  discovery,  which  I  made  in 
May,  is  recorded  in  the  July  number  of  this  Journal.  An 
equally  diligent  search  would,  I  am  contident,  result  in  tracing 
the  same  Btratum  much  farther  north  ;  and  thus  the  identity  of 
one  at  least  of  the  Waverly  beds  in  southern,  central  and 
northern  Ohio,  would  be  established  l>eyond  a  [>eradventure. 

The  lasl  member.  No.  1,  consists  of  shaly  sandstone,  com- 
pact sandstone  (somewhat  calcareous)  and  nt  the  bottom  a  few 
feet  of  nlternate  shales  and  siliceous  limestones.  The  calcare- 
ous matter  is  abundant  enough  to  charge  the  water  percolat- 
ing throngh  the  rock  and  form  extensive  deposits  of  travertine 
on  the  banks  of  Rattlesnake  and  Walnut  Creeks,  The  forest 
trees  drop  their  leaves  upon  the  surface  of  this  travertine; 
they  are  caught  in  the  jietrifying  mass  and  leave  their  models 
exact  to  the  minutest  detail.  I  have  collect*>d  many  beautiful 
specimens  of  oak,  chestnut,  maple  and  beech  leaves  from  this 
locality. 

The  rock  which  furnishes  the  material  for  the  travertine  is 
itself  nou-fossiliferous,  at  least  as  regards  the  remains  of  animals. 
It  contains  two  species  of  sea-weeds  distinguished  by  their  posi- 
tion in  the  stone,  one  standing  vertical,  tlie  other  lying  fiat. 
The  Portage  sandstone  of  New  Yoik  has  two  speciea  which  are 
distinguished  in  tlie  f^ame  way.  They  belong,  however,  to 
different  horizons,  the  vertical  one  being  found  in  the  upper 
beds  only,  and  thus  furnishing  a  basis  of  subdivision.  In  the 
Waverly  no  diflerence  in  their  vertical  distribution  has  been 
observed. 

The  quarries  in  the  lower  Waverly  at  Sunburv,  Delaware 
County,  furnish  an  excellent  quality  and  inexhaustible  quantity 
of  flagging  and  building  stone.  Ripple  marks  are  so  abundant 
that  thousands  of  feet  of  flagging  have  been  sold,  every  slab  of 
which  would  be  a  good  cabinet  specimen. 

Near  the  junction  of  No.  I  witli  the  Huron  shale  is  a  stratum 
of  Calcifen)us  sandrock  lying  in  huge,  rough,  concretionary 
masses.  Below  this  are  blue  shales  interstratified  with  thin 
layers  of  siliceous  limestone,  the  lowest  of  which  rests  directly 
upon  the  surface  of  the  Huron.  Here  we  reach  an  unmistakable 
Devonian  stratum,  and  our  task  of  enumerating  and  de.scribing 
the  component  members  of  the  Waverly  group  la  completed. 

It  remains  to  discuss  the  strati  graphical  relations  and  names 
of  the  beds  described  above,  which  is  by  no  means  the  easiest 
part  of  ray  undertaking. 

Let  us  first  inquire  what  is  the  relation  of  the  several  mem- 
bers constituting  the  Waverly  in  central  Ohio  to  those  in  Dr. 
Newberrv's  section  at  Cleveland,  which  is  as  follows ; 
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"Waverly  Group. 


The  Conglomerate, 

1.  Cuyahoga  Shale,  150  to  250  feet  thick,  ^ 

2.  Berea  Grit,  60        " 

3.  Bedford  Shale,  76        " 

4.  Cleveland  Shale,    21  to  60        " 
Erie  Shale  (Chemung), 

The  Cleveland  Shale  has  been  assumed  by  the  Ohio  geologists 
to  be  eouivalent  to  the  Waverly  Black  Slate,  which  is  un- 
doubtedly the  same  as  that  at  Sunbury  (Newberry,  Ohio  Reports, 
vol.  ii,  p.  93.  Orton,  ibid.,  p.  624).  At  the  time  I  discovered 
the  outcrop  at  Sunbury  I  supposed  there  was  no  doubt  of  the 
correctness  of  this  assumption.  Now,  however.  Dr.  Newberry 
assertspositively  that  there  is  no  evidence  that  they  are  identi- 
cal, until  further  explorations  are  made  north  of  Delaware 
County,  we  shall  therefore  have  to  be  content  with  hypotheti- 
cal statements  respecting  the  relation  of  Waverly  beds  in  cen- 
tral and  northern  Ohio.  For  instance,  if  the  Sunbury  black 
slate  is  identical  with  the  Cleveland  shale,  then  the  Sunbury 
Calciferous  sandrock  is  equivalent  to  the  Erie  shale,  and  the 
three  upper  members  in  Licking  County  are  collectively  equiv- 
alent to  Bedford,  Berea  and  Cuyahoga,  though  it  would  not  be 
safe  to  assert  distributively  that  Bedford = Raccoon,  Berea= 
Black  Hand  and  Cuyahoga=Licking.  Again,  if  Professor  N. 
H.  Winchell  was  correct  in  pronouncing  the  Sunbury  quarry 
stone  Berea  grit,  then  the  Cuyahoga  shales  alone  represent  all 
the  four  upper  members  in  central  Ohio,  and  the  Chocolate  shale 
described  by  President  Orton  as  constituting  the  upper  part  of 
the  Huron  may  be  of  the  same  age  as  the  Bedford  shales,  as  they 
were  supposea  to  be  by  Dr.  Newberry.  But  such  conditional 
statements  are  hardly  worth  the  utterance.  In  the  present  state 
of  our  knowledge  the  problem  of  exactly  synchronizing  any  of 
tlie  subdivisions  of  the  Waverly  seems  to  be  insoluble. 

A  more  important  problem  is  that  which  pertains  to  the 
general  synchronism  of  the  whole  group:  Is  it  Carboniferous? 
or  Devonian  ?  or  partly  one  and  partly  the  other? 

It  is  no  new  tning  for  the  intervening  strata  between  two 
great  formations  to  be  the  subject  of  much  discussion  before 
their  true  relations  are  settled  ;  or,  if  not  settled,  at  least  lei  ahne^ 
the  advocates  of  opposite  theories  either  dying  off  or  tacitly 
agreeing  to  disagree  If  the  question  proves  incapable  of  solu- 
tion there  are  several  ways  of  dodging  it.  One  mode  of  doing 
this  is  to  call  the  disputed  strata  ^'  beds  of  passage."  This  is 
not,  however,  eminently  satisfying  and  calming  to  a  logical 
mind.  The  same  may  be  said  of  that  other  expedient  of  enu- 
merating the  members  acknowledged  to  belong  to  each  forma- 
tion, ana  then  placing  the  bone  of  contention  in  an  ambiguous 
position  half  way  between,  as  is  often  done  with  the  Oriskany 
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sandstona  Still  another  plan  is  to  compound  the  names  of 
the  underlying  and  overlying  fonaatioBs,  and  apply  the  com- 
ponnd  to  the  diEpal^d  rocks,  as  in  the  case  of  the  Cambro- 
Siturian  of  Great  Britain,  a  term  which  recalls  the  long  and  hot 
Sedgwick-Murchison  controversy.  After  all,  though,  these 
expedients  are  in  gome  measure  philosophical  and  reasonable, 
though  not  etrictly  logical.  Lc^ic  is  in  fact  more  rigid  than 
nature.  She  demands  clean-cut  divisions,  hard-and-fast  linesof 
separation,  in  the  claasificatoiy  sciences.  Bat  it  is  a  melancholr 
fact  for  logic-choppers  that  nature  is  not  rigidly  logical. 
Whether  in  geology,  biology,  or  what  you  will,  the  facts  and 
objects  of  nature  refuse  to  yield  to  the  systematist  group  which 
are.  in  all  cases,  sharply  defined.  Thus  room  is  always  left  for 
differences  of  opinion  in  regard  to  the  propriety  of  this  or  that 
being  classed  hero  or  there.  All  we  ought  to  demand,  there- 
fore, of  the  systematist,  is  that  he  shall  not  run  counter  to  the 
plain  and  emphatic  deliverances  of  nature  herself;  and  where 
the  evidences  are  nicely  balanced  we  may  well  concede  to  him 
some  degree  nf  arbitrary  power  in  the  construction  of  his 
groups.  The  convenience  of  having  tome  ctaasitication  may 
make  it  expedient  to  accept  bis  work,  though,  at  certain  points, 
logical  considerations  have  driven  him  to  draw  sharper  lines 
than  exist  in  nature.  If  we  approach  this  problem  bearing 
these  considerations  in  mind,  we  shall  be  more  likely  to  view 
it  broadly  and  judicially. 

The  Waverly  was  long  r^arded  as  Devonian.  When  the 
present  Geological  Survey  of  Ohio  was  organized,  one  of  the 
first  announcements  made  by  its  chief.  Dr.  Newberry,  was  that 
the  Waverly  was  Carboniferous.  This  decision  covered  only 
what  we  may  conveniently  call  the  Cuyahoga  sub-group,  i.  e., 
Cuyahoga  shales,  Berea  grit,  Bedford  shales,  and  Cleveland 
shales.  That  part  of  the  Waverly  which  is  probably  equiva- 
lent to  the  Erie  shales  would  still  fall  to  the  Devonian  if  Erie 
is  Devonian;  and  that  was  tacitly  admitted  by  the  chief  geolo- 
gist, though  he  now  claims  that  he  placed  it  there  out  of  defer- 
ence to  the  prevalent  classification,  all  the  while  believing  that 
the  true  boundary  of  the  Carboniferous  wa.''  at  the  base  of  the 
Erie  in  Ohio  and  of  the  Portage  sandstone  in  New  York.  His 
statements  in  the  first  volume  of  the  Ohio  Reports,  p.  16f!,  and 
vol.  ii,  p.  82,  justify  this  claim  and  exonerate  him  from  the 
charge  of  reversing  his  own  decision  in  affirming,  as  he  now 
does,  that  the  whole  of  the  Waverly,  the  Erie,  the  Portage,  the 
Chemung  and  the  Catskill  are  Carboniferous. 

While  it  may  be  true  that  this  is  no  real  change,  though  it 
is  an  apparent  one,  in  Dr.  Newberry's  opinions,  it  is  certainly  a 
great  and  radical  change  in  the  classification  of  American  rocks. 
and  the  reasons  for  it  merit  our  closest  scrutiny.     These  alleged 
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reasons  are :  Ist  A  physical  break  at  the  close  of  the  Hamilton, 
the  previous  movement  of  elevation  being  then  reversed  and  a 
new  cycle  of  deposition  begun  which  culminated  in  the  deposi- 
tion of  the  Suocarboniferous  Limestona  2d.  "  A  change  of 
fauna ;  the  fossils  of  the  Chemung  and  Upper  Portage,  that  is 
Erie,  show  great  development  of  the  Productus  family,  and 
other  fossils  of  Carboniferous  type."* 

A  physical  break  of  some  magnitude  and  a  marked  change 
of  fauna  are  certainly  the  two  things,  and  the  only  two,  upon 
which  to  base  the  boundaries  of  formations.  But  the  break 
here  appealed  to  is  only  one  of  a  number  of  such  changes,  and 
of  no  greater  magnitude  than  some  others  in  the  same  series. 
For  instance,  at  the  close  of  the  Chemung  a  large  area  in  central 
and  western  New  York  was  raised  above  the  sea-level,  not 
again  to  be  submerged,  thus  checking  and  reversing  the  subsi- 
dence which  began  with  the  Portage.  Dana  states  the  nature 
of  the  transition  from  the  closing  period  of  the  Devonian  to  the 
opening  of  the  Carboniferous  as  follows :  "  The  former  was  a 
period  in  which  the  grand  Appalachian  subsidence  (as  in  other 
parts  of  the  Devonian)  reached  north  into  the  State  of  New 
York,  while  in  the  latter  it  hardly  passed  the  limits  of  Penn- 
sylvania. The  former  was  characterized  by  dry  land,  over  a 
large  portion  of  the  great  Interior  Continental  basin ;  the  latter, 
by  a  wide-spread  and  clear,  though  not  deep,  sea,  growing 
Crinoids  ana  forming  limestones."  (Manual  of  Geology,  p. 
281.)  In  this  passage  a  contrast  of  physical  conditions  is  indi- 
cated which  is  certainly  equal,  if  not  superior  in  importance,  to 
the  physical  break  at  the  close  of  the  Hamilton  penod. 

As  regards  the  change  of  fauna  it  was  not  general  enough  to 
be  of  commanding  importance.  The  Carboniferous  aspect  of 
Chemung  fossils  is  confined  to  those  from  western  New  York 
and  Pennsylvania.  Those  from  the  eastern  part  of  both  these 
States  are  strongly  Devonian  in  their  prevailing  types.  Still 
higher  than  the  Chemung  is  the  Old  Bed  Sandstone  containing 
both  a  fauna  and  flora  which  have  respectable  claims  to  be 
regarded  as  Devonian. 

I  freely  admit  that  there  is  no  hard-and-fast  line  of  separation 
between  the  Carboniferous  and  Devonian.  Fix  the  boundary 
where  you  will,  there  will  be  room  for  caviling  and  dissent 
The  English  geologists  have  even  proposed  to  wipe  out  the 
Devonian  as  an  independent  formation,  giving  its  components 
to  the  Carboniferous  and  Silurian.  It  is  to  be  hoped  ihat  will 
never  be  done,  for  it  would  open  the  door  to  endless  contro- 
versies respecting  the  new  boundary.  When  we  remember 
that  all  classification  must  be  somewhat  arbitrary ;  that  the 
logical  rhythm  of  any  system  often  demands  the  accentuation  of 

*  From  a  letter  to  the  writer. 
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certain  distinctionH,  so  liial  their  appureuL  value  in  llie  sciieme 
exceeds  their  absolute  value  in  nature  ;  that  names  and  groups 
are.  in  Kome  degree,  matters  of  usage,  of  comity,  and  of  oon- 
venienoe,  we  may  well  pause  before  we  precipitate  the  incoo- 
veniences  of  unBettlin;;  a  long  established  and  generally  received 
clas:>ification,  especially  if  our  substitute  ODiy  accentuatea 
anoth«^r  set  of  aistinctions  of  no  greater  absolute  value  than 
the  former.  Unless  there  is  a  decided  preponderance  of  eip-i- 
dence  in  favor  of  the  new,  the  old  ia  entitled  to  prevail  by  right 
of  priority  and  possession. 

Professor  Lesley's  identification  of  the  Bedford  shale  with 
the  Old  Red  Sandstone,  and  Cleveland  shale  with  Oil  Sands 
and  Chemung,  thus  dividing  the  Cuyahoga  group  in  t!ie  middle 
and  giving  its  two  lower  mem l)era  to  the  Devonian,  seems  to 
me  to  lack  sufficient  grounds  to  justify  it  In  his  note  on  the 
"Comparative  Geology  of  Northern  Ohio,  Northwestern  Penn- 
sylvania, and  Western  New  York"  (2d  Geological  Survey  of 
Pa.,  1874.  i,)  where  this  opinion  ia  announced,  no  distinct  line 
of  argument  in  its  behalf  is  indicated.  The  local  red  color  of 
the  Bedford  ia  of  such  small  significance  that  I  cannot  believe 
OiQt  had  any  weight  in  the  mind  of  so  experienced  a  geologist. 
The  Cuyahoga,  Berea,  Bedford  and  Cleveland,  including  the 
few  la&i  of  limestone  under  the  latter,  constitute  a  compact  and 
natural  group,  holding  substantially  the  same  fauna  throughout, 
I  hope  to  show  thia  more  in  dctnil  in  n  subsequent  paper  on  the 
vertical  distribution  of  the  fossils  of  this  group.  Then  again,  the 
fossils  of  the  Cleveland  shale,  at  the  bottom  of  the  aeries,  are  of 
decidedly  Carboniferous  types.  These  facts  constitute  a  suffi- 
cient reason  for  retaining  the  Cuyahoga  sub-group  in  the  Carbon- 
iferous, whatever  may  be  done  with  the  rest  of  the  Waverly. 


Art.  XXIII. — On  some  Primordial  Fossils  from  SoulJieaslern 
Newfoundland;  by  J.  F.  Whitbaves,  Paleontologist  to  the 
Geological  Survey  of  Canada. 

DuHiNG  the  summer  of  1874,  Mr.  T.  C.  Weston,  of  the  Cana- 
dian Geological  corps,  spent  a  few  days  in  collecting  Primordial 
fossils  from  the  shores  and  neighborhood  of  St  Mary's,  Trinity 
and  Conception  Bays,  Newfoundland,  on  behalf  of  Mr,  A. 
Murray,  Director  of  the  Geological  Survey  of  that  Island. 
Most  of  the  specimens  obtained  have  been  dcscnbeil  and  figured 
by  Mr.  Billings  in  the  first  part  of  the  second  volume  of  his 
"Palieozoic  Fossils"  of  Canada,  but  a  few  remain  of  which  do 
account  has  yet  been  published  and  which  appear  to  be  of 
sufficient  interest  to  deserve  a  short  notice. 
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The  majority  are  from  the  banks  of  ManueFs  Brook,  a  small 
stream  which  is  not  indicated  in  most  maps  of  the  island,  bat 
which  runs  into  Conception  Bay,  on  its  eastern  side,  not  far 
from  Topsail  Head.  In  Mr.  Murray's  Report  of  the  Geological 
Survey  of  Newfoundland  for  1868,  the  following  paragraphs 
occur.  "On  Manuel's  Brook  a  very  coarse  conglomerate  may 
be  seen,  in  strong  and  moderately  regular  beds,  resting  directly 
upon  the  syenitic  gneiss  of  the  valley  above,  dipping  to  the 
north  at  an  angle  of  16^,  and  forming  a  picturesque  fall  about 
one  hundred  and  fifty  yards  below  the  bridge  on  the  Bay 
Road."  (p.  28.)  "About  four  hundred  yards  below  the  bridge 
the  conglomerate  is  overlaid  conformably  by  a  set  of  dark  brown 
or  blackish  shales,  with  a  very  fine  lamination  coinciding  with 
the  bedding,  which,  with  some  hard  calcareous  beds  interstrat- 
ified,  hold  the  banks  of  the  brook  until  within  a  short  distance 
of  its  exit  into  the  Bay."  (p.  24)  In  the  same  report  the  thick- 
ness of  these  conglomerates  is  estimated  at  fifty  feet  and  that  of 
the  shales  at  two  hundred  and  fifty,  (p.  27.)  Sir  W.  E.  Logan, 
in  1866,  expressed  the  opinion  that  the  slates  of  St  John,  New- 
foundland, probably  belong  to  the  same  horizon  as  the  Acadian 
or  St  John's  Group  of  St  John,  N.  B.,  and  although  little  or  no 
paleontological  evidence  of  a  satisfactory  character  had  been 
obtained  on  the  )>oint,  it  has  been  supposed  by  Mr.  Murray  and 
others,  that  the  shales  of  Manuel's  River  are  of  similar  age. 
The  correctness  of  the  latter  view  is  however  fully  borne  out 
by  the  fossils  collected  by  Mr.  Weston,  which  are  as  follows. 

1.  Agno8iu8  Acadicus  Hartt  Not  unfrequent,  but  usually  a 
little  larger  than  the  types  from  St.  John,  N.  B. 

2.  AgnoBtus  (sp.  undt).  A  single  head,  apparently  distinct 
from  the  preceding  and  perhaps  new. 

8.  Microdiscus  punctatus  Salter.  Abundant.  This  interest- 
ing species,  which  was  originally  described  from  the  Lower 
Lingula  Flags  of  South  Wales,  and  which  Mr.  Salter  thought 
might  be  "tne  fry  of  some  larger  trilobite,"  was  first  detected 
in  the  Primordial  slates  of  St  John,  N.  B.,  by  the  late  Mr.  E. 
Billings.  It  has  since  been  observed  in  rocks  of  the  same  age 
on  the  Kennebecasis  River,  N.  B.,  where  it  was  collected  by 
Mr.  G.  F.  Matthew.  M,  punctatus  is  said  to  have  an  "  enormous 
nuchal  spine,"  but,  judging  by  Mr.  Salter's  figures,  there  is  no 
spinous  process  on  either  of  the  postero-lateral  angles  of  the 
head ;  the  number  of  rings  on  the  axis  of  the  tail  also  is  stated 
to  be  seven. 

4.  Microdiscus  Dawsoni  Hartt  One  perfect  and  well  pre- 
served head.  Very  similar  in  sculpture  to  the  preceding.  The 
two  forms  occur  together  in  the  same  pieces  of  rock  from  New- 
foundland and  New  Brunswick  and  are  very  likely  only  difier- 
ent  states  of  preservation  of  the  same  speciea     According  to 


226   J.  F.  Whilmvti — Pnmordt'at  FouiUJrom  Newfoundland. 

Mp.  Ham  the  posterior  angles  of  the  cephftlio  ehield  of  M. 
Daimoni  bear  "backward  projectine  apiaes,"  the  glabella  is 
describi'd  as  "conical  and  pointed  behind"  but  not  spiDOQS, 
and  the  middle  lobe  or  axis  of  the  tail  as  divided  into  six  seg- 
mcDta  The  figure  ot  the  head  of  this  trilobite,  in  the  "  Acadian 
Geology,"  is  defective  and  does  not  show  the  lateral  spines. 

5,  0}no<x}>haliUt  later  Hartt  Two  beads  of  this  easily  recog- 
nized and  well  characterized  form. 

f).  Chnocephalites  Baileyi  H.&tiX,  A  single  head,  with  an  un- 
usually small  glabella. 

7.  GmocepbaliUs  Oreslesf  Hartt  Abundant,  but  badly  pre- 
served and  bence  the  doubt  as  to  the  correct  identification  of 
the  species.  The  facial  sutures  of  Nob.  5,  6  and  7  being  un- 
known their  generic  position  is  of  course  uncertain. 

8.  ParidoTvJes  (sp.  undt.).     Fragments  only. 

Nos.  1,  3,  4,  5,  6  and  possibly  7  are  common  to  the  Primordial 
slates  of  St  John,  N.  B,,  and  to  the  shales  of  Manuel's  Brook. 

The  shales  of  Kelly's  Island,  in  Conception  Bay,  hold  quan- 
tities of  a  small  Lingula  which  appears  to  be  undescribcd  and 
which  may  be  briefly  characterized  thus; 

Ltjigula  BiUimjsiaita,  n.  sp.  Shell  small,  very  slightly  con- 
vex, compressed  at  the  sides :  outline  elliptic  ovate,  narrowest 
behind:  length  nearly  twice  the  width:  mai^n  of  the  valves 
widening  eonvexly  and  gradually  from  the  beaks  to  the  center, 
or  a  little  beyond  it:  front  narrowly  and  evenly  rounded. 
Surface  marked  by  fine  concentric  striations  and  faint  radiating 
lines.  Internal  markings  unknown.  Length,  about  two  lines 
and  a  half:  width  one  line  and  a  half. 

This  little  shell,  which  may  be  the  young  of  some  larger  spe- 
cies, is  somewhat  similar  in  shape  and  size  to  the  Lingula  minima 
of  Sowerby,  from  the  Upper  Ludlow  rocks  of  Great  Britain. 
The  two  shells,  however,  oelong  to  very  different  geological 
horizons,  and  besides  this,  L.  JiilUngsiana  is  much  narrower 
posteriorly  than  L.  minima  and  not  nearly  so  square  in  front 

From  Mr.  Muni's  report  already  quoted  it  would  appear 
that  the  shales  of  Kelly's  Island  are  not  quite  so  old  as  those 
of  Manuel's  Brook,  but  that  they  are  older  than  the  Menevian 
sandstones  of  Great  Bell  Island. 
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Akt.  yi'XIV.—The  Solar  Eclipse  of  July  29tfi,  1878;  by 
Professor  Henry  Draper,  M.D. 

As  I  have  recently  been  giving  attention  to  the  subject  of 
solar  spectroscopy  in  consequence  of  my  discovery  of  oxvgen  in 
the  sun,  it  seemed  to  be  desirable  to  take  advantage  of  the  total 
eclipse  of  July  29th,  to  gain  as  precise  an  idea  as  possible  of  the 
nature  of  the  corona,  because  the  study  of  that  envelope  has 
been  regarded  as  impossible  at  other  times.  The  main  point  to 
ascertain  was  whether  the  corona  was  an  incandescent  gas  shin- 
ing by  its  own  light,  or  whether  it  shone  hy  reflected  sunlight 

For  this  purpose  I  organized  an  expedition,  and  was  fortun- 
ate enough  to  secure  the  cooperation  of  my  friends  Professors 
Barker  and  Morton  and  Mr.  Edison.  The  scheme  of  operations 
was  as  follows :  1st,  the  photographic  and  photo-spectroscopic 
work  as  well  as  the  eye  slitless  spectroscope  were  to  be  in 
charge  of  my  wife  and  myself;  2d,  the  analyzing  slit  spectro- 
scope was  m  charge  of  Professor  Barker,  with  the  especial 
object  of  ascertaining  the  presence  of  bright  lines  or  else  ot  dark 
Fraunhofer  lines  in  the  corona;  Sd,  the  polariscopic  examina- 
tions were  confided  to  Professor  Morton,  who  was  also  to  spend 
a  few  moments  in  looking  for  bright  or  dark  lines  with  a  hand 
spectroscope ;  4th,  Mr.  Edison  carried  with  him  one  of  his  newly 
invented  tasimeters  with  the  batteries,  resistance  coils,  Thom- 
son's galvanometer,  eta,  required  to  determine  whether  the 
heat  of  the  corona  could  be  measured. 

This  entire  programme  was  successfully  carried  out  and  good 
fortune  attended  us  in  every  particular.  The  results  obtained 
were:  Ist,  the  spectrum  of  the  corona  was  photographed  and 
shown  to  be  of  the  same  character  as  that  of  the  sun  and  not 
due  to  a  special  incandescent  gas;  2d,  a  fine  photograph  of  the 
corona  was  obtained,  extending,  in  some  parts,  to  a  height  of 
more  than  twenty  minutes  of  arc,  that  is,  more  than  600,000 
miles;  8d,  the  Fraunhofer  dark  lines  were  observed  by  both 
Professors  Barker  and  Morton  in  the  corona;  4th,  the  polariza- 
tion was  shown  by  Professor  Morton  to  be  such  as  would 
answer  to  reflected  solar  light ;  6th,  Mr.  Edison  found  that  the 
heat  of  the  corona  was  sufficient  to  send  the  index  beam  of 
light  entirely  ofi^  the  scale  of  the  galvanometer.  Some  negative 
results  were  also  reached,  the  principal  one  being  that  the 
1474K,  or  so-called  corona  line,  was  either  very  faint  or  else 
not  present  at  all  in  the  upper  part  of  the  corona,  because  it 
coula  not  be  observed  with  a  slitless  spectroscope  and  the  slit 
spectroscope  only  showed  it  close  to  the  sun. 

The  general  conclusion  that  follows  from  these  results,  is, 
that  on  this  occasion  we  have  ascertained  the  true  nature  of  the 
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eorona,  viz:  it  ehinca  by  li^bt  reflected  from  the  sua  by  a  cloud 
of  metcofs  sarroQndii^  that  lomioary,  aod  tbat  on  former 
oocasioDs  it  bu  been  infiltrated  with  matenals  thrown  up  from 
tlie  chroiDOflpbere,  ootably  with  the  1474  matter  and  hydrogen. 
AstbeobromflsphereisoowqaiesceDt  this  inliltTatioD  basl^en 
place  to  s  Bcaredy  perceptible  degree  recently,  Thia  explan- 
ation of  the  nature  of  the  corona  reconciles  itself  so  well  with 
many  facta  that  have  been  difficult  to  explain,  snch  as  the  tow 
piasare  at  the  surface  of  the  sun,  that  it  gains  thereby  addi- 
^ouai  Btrencth. 

The  station  occupied  by  my  lemporarv  observatofy  was 
Bawlins  (latitude  41'  48'  60",  longitude  "2''  0°  44*  W.  of 
Washington,  beig^ht  6782  feet  above  the  sea)  on  the  line  of  the 
Union  Pacific  railroad,  becanse,  while  it  was  near  the  central 
line  of  totality,  it  had  also  the  advantages  of  being  supplied 
with  water  from  the  granite  of  Cherokee  Mountain  and  of 
having  a  repair  shop  where  mechanical  work  could  be  done. 
I  knew  by  former  ex|«rieDce  that  the  air  there  was  dry  and 
apt  to  be  cloudless;  in  this  particular  our  anticipations  were 
more  than  fulfilled  by  the  event,  for  the  day  of  totality  was 
almost  without  a  cloud  and  the  dew-point  was  more  than  'di°  F. 
below  the  temperatura 

The  instruments  we  took  with  us  were  as  follows  and  weighed 
alk^ther  almost  a  ton.  laU  An  equatorial  monntinK  with 
spring  governor  driving  clock,  loaned  by  Professor  PicKering, 
Diretjior  of  Harvard  Observatory.  '2d.  A  telescope  of  tive  and 
a  quarter  inches  aperture  and  seventy-eight  inches  focal  length, 
furnished  with  a  lens  specially  corrected  for  photography,  by 
Alvan  Clark  k  Sons.  Sd.  A  quadruple  achromatic  objective 
ol  six  inches  aperture  and  twenty-one  inches  focal  length, 
loaned  by  Messrs.  E.  and  H.  T.  Anthony,  of  New  York;  to 
this  lens  was  attached  a  Rutherfurd  diffraction  grating  nearly 
two  inches  square,  ruled  on  speculum  metal.  The  arrange- 
ment, with  its  plate  holders,  etc.,  will  be  designated  as  a  photo- 
telespectroscope,  4th.  A  four-inch  achromatic  telescope  with 
Merz  direct  vision  spectroscope,  brought  by  Professor  Barker, 
from  the  collection  of  the  University  of  Pennsylvania.  5th.  A 
four-inch  achromatic  telescope,  also  brought  by  Professor  Bar- 
ker; to  it  was  attached  Edison's  tasimeter.  Besides  these  there 
were  polariscopes,  a  grating  spectroscope,  an  eye  slitless 
spectroscope  with  two-inch  telescope,  and,  finally,  a  full  set  of 
chemicals  for  Anthony's  lightning  collodion  process,  which  in  my 
experience  is  fully  three  times  quicker  than  any  other  process. 

The  arrangement  of  the  photo-telespectroscope  requires  far- 
ther description,  for  success  in  the  work  it  was  intended  to  do. 
viz.,  photographing  the  diffraction  spectrum  of  the  corona,  was 
difficult  and  iu  the  opinion  of  many  of  my  friends  impossible. 
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In  order  to  have  every  chance  of  success  it  is  necessary  to  pro- 
cure a  lens  of  large  aperture  and  the  shortest  attainable  focal 
length,  and  to  have  a  grating  of  the  largest  size  adjusted  in 
such  a  way  as  to  utilize  the  oeam  of  light  to  the  best  advan- 
taga  Moreover,  the  apparatus  must  be  mounted  equatorially 
and  driven  by  clockwork  so  that  the  exposure  may  last  the 
whole  time  of  totality  and  the  photographic  work  mus!;  be 
done  bv  the  most  sensitive  wet  process.  After  some  experi- 
ments during  the  summer  of  1877  and  the  spring  of  1878,  the 
following  form  was  adopted. 

The  lens  being  of  six  inches  aperture  and  twenty-one  inches 
focal  length,  gave  an  image  of  the  sun  less  than  one-quarter  of 
an  inch  in  diameter  and  of  extreme  brilliancy.  Before  the 
beam  of  light  from  the  lens  reached  a  focus  it  was  intercepted 
bv  the  Rutberfurd  grating  set  at  an  angle  of  sixtv  degrees. 
This  threw  the  beam  on  one  side  and  produced  there  three 
images — ^a  central  one  of  the  Sun  and  on  either  side  of  it  a 
spectrum:  these  were  received  on  three  separate  sensitive 
plates.  One  of  these  spectra  was  dispersed  twice  as  much  as 
the  other,  that  is,  gave  a  photograph  twice  as  long.  This  last 
photograph  was  actually  about  two  inches  long  in  the  actinic 
region.  If,  now,  the  light  of  the  corona  was  from  incandescent 
gas  giving  bright  lines  which  lay  in  the  actinic  region  of  the 
spectrum  I  should  have  procured  ring-shaped  images,  one  ring 
for  each  bright  line.  On  the  other  hand,  if  the  li^ht  of  the 
corona  arose  from  incandescent  solid  or  liquid  bodies  or  was 
reflected  light  from  the  Sun  I  was  certain  to  obtain  a  long  band 
in  my  photograph  answering  to  the  actinic  region  of  the  spec- 
trum. If  the  light  was  partly  from  gas  and  partly  from  re- 
flected sunlight  a  result  partly  of  rings  and  partly  a  band 
would  have  appeared. 

Immediately  after  the  totality  was  over  and  on  developing 
the  photographs,  I  found  that  the  spectrum  photographs  were 
contmuous  bands  without  the  least  trace  of  a  ring.  1  was  not 
surprised  at  this  result  because  during  the  totality  I  had  the 
opportunity  of  studying  the  corona  through  a  telescope 
arranged  in  substantially  the  same  way  as  the  photo-telespec- 
troecope  and  saw  no  sign  of  a  ring. 

The  plain  photograph  of  the  corona  taken  with  my  large 
equatorial  on  this  occasion  shows  that  the  corona  is  not 
arranged  centrally  with  regard  to  the  sun.  The  great  mass  of 
the  matter  lies  m  the  plane  of  the  ecliptic  but  not  equally 
distributed.  To  the  eye  it  extended  about  a  degree  and  a  half 
from  the  sun  toward  the  west  while  it  was  scarcely  a  degree  in 
length  toward  the  east  The  mass  of  meteors,  if  such  be  the 
construction  of  the  corona,  is  therefore  probably  arranged  in 
an  elliptical  form  round  the  sun. 
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Fur  the  forliiaate  reaulta  of  tbia  expedition  we  are  not  a 
little  indebted  lo  the  railroad  and  express  companies.  The 
Pennsylvania,  the  Chicago  and  Northwestern  and  the  Union 
Pacilic  railroads,  the  Pullman  Palace  Car  Company,  and  the 
American  and  Union  Pacific  Express  Companies  marie  the 
most  liberal  arrangements,  and  Mr.  Galbraith,  the  Superinten- 
dent of  the  Repair  Works  at  Rawlins,  gave  ua  the  free  use  of 
his  piivate  bouse  and  grounds.  Uf  ibe  citizens  of  Rawlins  it  is 
only  necessary  to  say  that  we  never  even  put  the  lock  on  the 
door  of  the  Observatory,  and  not  a  thing  was  disturbed  or  mis- 
placed during  our  ten  days  of  residence,  though  we  had  many 
visitors.     They  sent  ua  away  with  a  serenade. 


Abt.  XXV. — Discovery  of  an  Jntra- Mercurial  Planet;  by 
James  C.  Watson. 

At  the  recent  total  eclipse  of  the  sun  I  was  occupied  exclu- 
sively in  a  search  for  any  intra -Mercurial  planet  which  might 
be  visible.  For  this  purpose  I  employed  an  excellent  foiii^ 
inch  refractor,  by  Alvan  Clark  &  Sons,  mounted  eqnatorially, 
with  a  magnifyinff  power  of  forty-five.  There  were  no  circles 
originally  attached  to  the  instrument  and,  accordingly,  I  placed 
on  it  circles  of  hard  wood,  the  declination  circle  being  five 
inclK'r^  nnd  tlie  hour  circle  four  itia!  three  quarter  inches  in 
diameter.  On  these  I  pasted  circles  of  card-board,  and  pointers 
were  provided  so  that  I  could  mark  with  a  sharp  pencil  the 
position  corresponding  to  any  particular  pointing  of  the  instru- 
ment This  method  does  not  compare  in  accuracy  with  grad- 
uated circles  and  verniers,  but  it  has  the  advantage,  and  a  very 
important  one  in  the  present  case,  of  avoiding  the  uncertainty 
which  might  be  attributed  to  erroneous  readings  of  the  cirelea 
To  read  the  divided  circles  would  require  considerable  time, 
while  the  pointings  can  be  marked  on  the  paper  discs  in  a  few 
moments.  And  besides,  while  a  doubt  might  be  raised  as  to 
the  correctness  of  the  recorded  circle  readings,  no  such  doubt 
can  exist  in  reference  to  the  positions  marked  on  these  paper 
circles.  The  chronometer  times  corresponding  to  each  pointing 
were  recorded,  and  the  designation  of  the  object  observed  was 
also  marked  on  the  paper  discs,  so  that  there  ia  no  difficulty  in 
identifying  the  several  marks. 

Before  the  commencement  of  the  eclipse,  the  inclination  of 
the  polar  axis  of  the  instrument  was  adjusted  and  it  was 
brought  into  the  meridian  as  nearly  as  possible.  The  error 
therefore  arising  from  the  imperfect  adjustment  of  the  equato- 
rial mounting  will  be  small.     A  few  minutes  before  the  totality 
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of  the  eclipse  I  swept  over  the  r^ons  east  and  west  of  the  sun, 
from  eight  decrees  to  fifteen  degrees  distant,  but  no  stars  were 
seen.  Immediately  after  the  commencement  of  totality  I  b^an 
sweeps  east  and  west  extending  about  eight  degrees  from  the 
sun.  I  had  previously  committed  to  memory  the  relative 
places  of  stars  near  the  sun  down  to  the  seventh  magnitude, 
and  the  chart  of  the  r^on  was  placed  conveniently  in  front  of 
me  for  ready  reference  whenever  required.  The  first  sweep 
b^an  with  the  sun  in  the  middle  of  the  field,  and  extended 
eastward  about  eight  degrees  and  back,  and  I  saw  d  Cancri  and 
smaller  stars  marked  on  tne  chart  The  next  sweep  was  one  field 
farther  south,  and  eastward  and  back  as  before.  Then  placing 
the  sun  in  the  field  I  commenced  a  correspondins;  sweep  to  the 
westward.  Between  the  sun  and  0  Cancri  and  south  of  the  middle 
of  the  field,  I  came  across  a  star,  estimated  at  the  time  to  be  of 
the  four  and  a  half  magnitude,  which  shone  with  a  ruddy  light 
and  certainly  had  a  lai^er  disc  than  the  spurious  disc  of  a  star. 
The  focus  of  the  eye-piece  had  been  caretuUy  adjusted  before- 
hand and  securely  clamped,  and  the  definition  was  excellent 
I  proceeded,  therefore,  to  mark  its  position  on  the  paper  circles, 
and  to  record  the  time  of  observation.  It  was  designated  by  a. 
The  place  of  the  sun  had  been  recorded  a  few  minutes  previ- 
ously and  marked  Si.  Placing  my  eye  again  at  the  telescope 
I  assured  myself  that  it  had  not  been  disturbed,  and  proceeded 
with  the  search.  I  noticed  particularly  that  the  object  in  ques- 
tion did  not  present  any  elongation  such  as  would  be  probable 
were  it  a  comet  in  that  position.  In  the  next  and  final  sweep 
I  brought  into  the  field  what  I  supposed  to  be  (^  Cancri,  althou^n 
it  appeared  very  much  brighter  than  what  I  expected  from  the 
appearance  of  o  Cancri  which  I  had  seen  in  the  first  sweep. 
I  proceeded  to  record  its  position  on  the  circles  with  the  desig- 
nation b.  Before  this  was  completed  the  total  eclipse  was  over, 
and  I  ran  across  to  where  Professor  Newcomb  was  observing 
in  hopes  of  being  able  to  point  his  larger  instrument  upon  the 
star  a  before  the  light  became  too  bright  I  found,  however, 
that  he  had  a  suspicious  star  in  the  field,  and  was  then  engaged 
in  making  the  circle  readings,  so  that  his  telescope  could  not  be 
disturbed.  I  then  went  back  to  my  own  telescope,  but  the 
sunlight  was  already  too  intense  to  enable  me  to  see  the  star 
last  in  the  field.  1  did  not  therefore  determine  whether  the 
instrument  had  been  disturbed  by  a  gust  of  wind  from  the 
west  which  came  just  before  the  sun  reappeared.  The  tele- 
scope was  clamped  pretty  tight  in  declination  but  it  had  a 
freer  motion  in  right  ascension.  It  was  placed  in  the  lee  of  a 
sand  ledge  and  it  was,  hence,  quite  well  protected  from  the 
wind.     Actions  of  snow  fence  belonging  to  the  railroad  had 
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also  been  placed  along  this  ledge  aa  n  more  complete  prot«ctioir 
in  case  of  very  strong  wind& 

Upon  reading  the  circles  and  reducing  the  obseirations,  it 
is  rendered  probable  that  the  telescope  was  disturbed  in  thia 
instauce ;  but  I  give  the  observations  ag  they  were  made  eom- 
plete,  in  order  that  they  may  be  made  available  in  any  Tuture 
discussion.  The  places  of  the  sun  were  again  recorded  and 
verified,  and  thus  the  position  of  the  star  a  (which  I  believe  to 
be  an  inlra-Mercurial  planet)  can  be  determined  relatively  to' 
the  sun.  The  linear  distances  on  the  paper  discs  were  roughly 
measured  immediately  after  the  observations,  and  the  result 
was  to  show  that  the  object  which  I  had  designated  by  a  on  the 
circles  is  not  a  known  star.  Since  my  return  to  Ann  Arbor, 
I  have  placed  the  paper  discs  on  the  axis  of  a  graduated  circle^ 
and  setting  them  by  means  of  a  pointer,  I  have  read  off  tba 
positions.  They  are  shown  by  the  following  table,  in  whi<^ 
the  readings  given  are  the  mean  of  five  readings  on  each  mark: 


I 


roD 

omete 

f  Time. 

Object  obMmd. 

Circle  reAuingB. 

4'' 

39"° 

60' 

Sou 

168°   ia'-3 

4 

48 

66 

Planet  (a) 
8.  Cancri  (*) 

183      50-9 

4 

50 

5 

158     4»-£ 

4 

55 

10 

Sun 

164     24-6 

6 

4 

50 

Sun 

161     62-3 

The  three  comparisons  of  (n)  with  the  sun  give 


(IJ  —  8°  35'-6 

(2i  -  8     28-8 

(3)  -  7     59-6 

The  mean  is 

Ja  =  -  a™     21". 
The  difference  in  declination  measured  on  the  circle  is 

AS  =  —0°  22'. 
The  place  of  the  sun  for  the  instant  of  observation  is 

ff  =;  8"  35™  56".  »S  =  4-18°  38'-4. 

and  hence  we  derive 

PUaet's  apparent 
WaBbingtoD  Mean  Time.  a.  S. 

1878,  July  29,  6"  16"  37'.  8''  27°'  35*.      4-18'  16'. 

It  was  not  possible  in  the  brief  period  of  totality  to  change 
the  eye-piece  in  order  to  observe  the  object  under  a  high  power. 
I  can  only  state  in  addition  to  the  above,  that  the  appearance 
of  the  object  arrested  my  attention  even  before  I  moved  the 
telescope  to  the  known  star  farther  to  the  eastward.     It  was 
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very  much  larger  than  this  star,  which  was  0  Cancri,  and  its 
light  was  quite  red.  The  appearance  of  the  disc  was  such  as 
to  lead  me  to  believe  that  it  was  situated  beyond  the  sun. 

I  have  not  had  an  opportunity  to  make  any  calculations  suf- 
ficient to  determine  whether  the  place  observed  can  be  recon- 
ciled with  the  reported  observations  of  spots  supposed  to  have 
been  planets  in  transit  across  the  sun.     This  I  wul  do  hereafter. 

The  star  marked  (6),  and  supposed  to  be  {^  Cancri,  was  if  85' 
south  from  the  sun,  as  determined  from  the  place  marked  on 
the  paper  circle.  If  the  telescope  was  disturbed  by  the  wind 
before  the  pointing  was  marked,  the  disturbance  would  prob- 
ably be  wholly  in  right  ascension,  since  the  motion  in  declina- 
tion was  pretty  nearly  clamped.  In  r^ard  to  the  star  (a), 
which  I  consider  to  be  the  planet  sought,  there  is  no  uncertainty 
whatever,  bevond  the  unavoidable  errors  of  the  record  as  mada 
I  consider  tfie  place  given  to  be  trustworthy  within  6'  of  arc. 
It  is  to  be  hopea  that  persons  who  have  made  suitable  photo- 
graphs during  the  totality  will  examine  the  plates  carefully  in 
the  region  indicated.  It  is  possible  that  the  planet  may  appear 
npon  some  of  them. 

My  station  for  observation  was  at  Separation,  Wyoming  Ter- 
ritory, on  the  Union  Pacific  Railroad.  It  is  near  the  summit 
of  the  Bocky  Mountains,  in  a  circular  walled  plain  of  several 
miles  diameter,  at  an  elevation  of  about  7,200  feet  above  the 
level  of  the  sea.  It  is  proper  to  add  further,  that  the  major 
part  of  the  expenses  of  my  expedition  were  defrayed  by  the 
U.  S.  Naval  Observatory  from  the  appropriation  made  by  Con- 
gress for  the  observation  of  the  eclipse. 

Ann  Arbor,  August  13,  1878. 


Art.  XXVL — New  Pterodactyl  from  the  Jurassic  of  tiie  Bocky 
Mountains;  by  Professor  0.  C.  Mabsh. 

The  Pterosaurian  remains  hitherto  discovered  in  this  coun- 
try are  all  from  the  Cretaceous,  and  most  of  them  belonged  to 
animals  of  gigantic  size.  So  far  as  known,  they  were  all  desti- 
tute of  teeth,  and  hence  belong  to  the  order  Pteranodontia^  A 
characteristic  specimen  recently  found  in  the  Upper  Jurassic  of 
Wyoming,  and  now  in  the  Yale  College  Museum,  is  the  first 
indication  of  this  group  of  reptiles  from  this  formation  in 
America.  The  specimen,  which  is  in  good  preservation,  is  the 
distal  portion  of  the  right  wing  metacarpal,  and  indicates  a 
small  pterodactyl  having  a  spread  of  wings  of  four  or  five  feet 
The  shaft  of  this  bone  at  its  upper  portion  is  oval  in  transverse 
section,  but  near  the  condyle  it  is  sub-trihedral,  with  a  distinct 
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ridge  on  the  under  surface.  The  sbaFt  ih  hollow,  and  the  wallfl 
are  thin  and  emooth.  The  outer  condyle  is  placed  obliquely, 
aa  in  the  Cretaceous  species,  and  the  lower  groove  between  the  ' 
two  condyles  ig  unusually  narrow.  The  inner  condyle  is  nearly 
circular  in  vertical  outline,  and  its  articular  portion  exteniu 
over  about  three  hundred  degrees. 

The  principal  dimenaions  ot*  this  specimen  are  as  follows : 

r.etjgth  of  portion  preserved SS'O""' 

.  Transverse  diameter  of  shaft  where  broken 4  6 

^^_       Antero-poBterior  diameter 8-S 

^^1       Transverse  diameter  of  shaft  immediately  below 

^^^  condyle 5" 

^^K      Antero-poBterior  diameter, ■*■ 

^^K      Greatest  transverse  diameter  across  condyles 7'S 

^^K      Tertical  diameter  of  inner  condyle, 8' 

^^^       Antero-posterior  exteut  of  outer  condyle 7'5 

This  interesting  specimen  was  discovered  in   the  Atlanto- 
saurus  Beds  of  Wyoming,  by  Mr.  S.  W.  WilHston.     Its  generic 
relations  cannot  at  present  be  determined,  but  the  species  repre- 
sented may  be  named  Pkrodactybis  montanus. 
Tale  CoUsga,  Keir  Hareu,  Au^st  nth,  187S. 
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1.  Descriptive  Geology;  by  Arnold  Haoue  and  S,  F.  Emhoks  ; 
Vol.  H  of  Geological  Reports  of  United  States  Geological  Explo- 
ration of  the  40M  Parallel,  Clarence  King,  Geologist-in -Charge, 
890  pp.  4to,  illustrated  by  26  plates.  Washington,  1877.  Sub- 
mitted to  the  Chief  of  Engineers  and  published  by  order  of  the 
Secretary  of  War  under  Authority  of  Cfongresa. — The  publication 
of  this  Report  was  announced  in  the  last  volume  of  this  Journal, 
and  at  the  same  time  it  was  stated  that  a  review  of  its  chief  re- 
sults was  expected  for  another  number.  The  expected  article  has 
not  been  received  ;  and  as  the  volume  is  of  special  importance  in 
connection  with  American  Oeology,  a  notice  is  here  given  without 
further  delay. 

The  region  explored  is  a  very  extended  one,  it  reaching  from 
the  eastern  Colorado  range  to  the  Sierra  Nevada,  with  a  width  of 
about  a  hundred  miles  along  the  40th  parallel.  The  authors  state 
that  the  seven  years  engaged  in  the  work,  from  1867  to  1873,  was 
sufficient  to  make  only  a  geological  reconnaissance,  rather  than  a 
finished  systematic  survey.  Still,  the  account  of  the  region  is 
remarkably  complete  for  a  reconnaissance  of  snch  an  area ;  and 
the  whole  is  presented  so  clearly  and  systematically,  both  as 
regards  the  physical  aspect,  topography  and  geology,  the  geoenl 
features  and  details,  that  the  volume  will  be  found  a  most  acc^t- 
able  one  by  the  general  public  as  well  as  the  geologist.  The 
descriptions  commence  witn  the  eastern  portion  of  the  area,  and 
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are  given  in  five  chapters  corresponding  to  the  five  maps  of  the 
Atlas  illostrating  the  region. 

The  first  chapter  treats  of  the  Colorado  range,  its  mountains, 
plains  and  rocks,  the  Laramie  Plains,  Medicine  Bow  Range,  the 
North  Park  and  Park  Range,  the  Bridger's  Pass  Region,  the 
Elkhead  Mountains  and  the  valleys  of  the  Yampa  and  Little 
Snake  Rivers;  the  second  chapter,  of  the  Green  River  Basin; 
the  thirds  of  the  Utah  Basin ;  the  fottrth  of  the  Nevada  Plateau ; 
and  the  fifth^  of  the  Nevada  Basin.  The  facts  cited  relate  mainly 
to  the  rocks. 

The  Laramie  Hills  described  by  Mr.  Hague  in  the  first  chapter, 
include  the  part  of  the  eastern  Colorado  range  mostly  within  the 
limits  of  the  41st  and  42d  parallels.  The  altitude  of  the  peaks  is 
generally  between  7,800  and  8,800  feet,  one  of  the  peaks  reaching 
probably  a  height  of  0,000  feet.  This  part  of  the  range  is  an  anti- 
clinal, having  an  axis  of  erauite  and  granitoid  rocks  of  Archaean 
age,  on  either  side  of  which  lie  unconformably  sandstones  and 
limestones  of  the  Paleozoic,  which  dip  away  from  the  range  at  an 
angle  of  four  to  ten  degrees.  The  ArchsBan  rocks  are  coarse  gran- 
ites (consisting  of  quartz,  orthoclase,  some  mica  and  usually  a  tri- 
clinic  feldspa^,  passing  above  into  a  series  of  distinctly  bedded 
*'  reddish  gramtoid  rocks  composed  of  quartz  and  feldspar,"  and 
becoming  to  the  north  and  south  decidedly  schistose,  being  well- 
defined  gneisses  and  schists.  The  rock  disintegrates  rapidly,  as  is 
well  seen  along  railroad  cuts,  made  within  a  few  years.  In  two 
analyses  of  the  granite  less  than  one  per  cent  of  lime  was  obtained, 
and  m  another  1*40  per  cent,  showing,  as  Mr.  Hague  remarks,  that 
the  tridinic  feldspar  must  be  either  albite  or  olieoclase.  The 
mica  is  biotite,  but  with  some  lepidomelane.  Iron  Mountain  is  a 
mass  of  ilmenite  or  titanic  iron.  East  of  Iron  Mountain  there  is  a 
labradorite  granitoid  rock,  with  cleavable  labradorite,  described 
by  Professor  Zirkel,  in  his  Survey  Report,  as  gabbro.  The  amoimt 
oi  foliated  pyroxene  is  small  On  the  west  side  of  the  Hills, 
graphite  occurs  in  thin  beds  and  seams. 

The  geological  features  characterizing  the  Laramie  Hills  con- 
tinues southward  alone  the  Colorado  Ran^e.  The  granite  of  the 
summit  of  Gray^s  Peak  afforded  on  analysis  the  same  composition 
essentially  as  that  of  the  Hills.  The  overlying  sedimentary  for- 
mations bordering  the  mountain  range  are  estimated  to  have  a 
thickness  of  about  6,000  feet ;  the  Paleozoic,  850 ;  the  Triassic, 
800  to  800;  the  Jurassic,  200;  the  Cretaceous,  4,800  feet  (800 
feet  of  the  Dakota  group,  1,000  of  the  Colorado  group,  1,500  of 
the  Fox  Hill,  and  1,500  of  the  Laramie).  The  Paleozoic  beds  con- 
tinue along  the  eastern  foot  hills  for  nearly  70  miles,  and  then 
disappear,  none  being  found  north  of  Colorado  Springs.  The 
THassie  beds  consist  of  red  sandstone  with  some  red  clays  and 
thin  beds  of  limestone,  and,  in  some  localities,  irregular  deposits 
of  ffypsum,  two  to  twenty-five  feet  thick.  The  Jurcusic  beds  are 
Bligntly  reddish  in  tinge,  with  orange,  purple  and  lavender-col- 
ored strata,  which  are  mainly  argiuaceous,  together  with  some 
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thin  laverB  of  limestone  and  ^j-penm.     But  the  limit  between  this 
fontifttion  and  the  Triassic  is  stated  to  be  nncertain. 

I'he  Medicine  Bow  Range  is  made  up  almost  exclusively  of 
Archiean  crystalline  rocks,  including  granites,  gneisses,  mica 
schists,  hornblende  schists,  diorytcs,  argillyt«s,  qaartzytes,  etc. 
The  granite  and  gneiss  contain  mnch  of  a  triclinic  feldspar,  and 
in  some  places  zircons.  At  Cherokee  Bntte,  there  is  an  Archteao 
granite  whose  quarts  grains,  according  to  Zirkel,  show  evideno*' 
of  wear,  and  lience  of  ine  metamorphic  origin  of  the  rock,  Medi* 
cine  Peak  is  a  mass  of  white  quartzyte  rising  about  2,000  feet 
aboye  the  surrouuding  country  and  having  an  eastward  dip.  It- 
contaiuH  some  cyanite.  It  is  out  through  by  what  appeai-e  lo  be ' 
dikes  of  a  fine-grained  dioryte.  The  An-hiean  qiiartzyle  is  undefru 
laid  conformablv  by  argillaceous  slatcB,  dipping  eastward,  and  this^ 
by  a  homblendic  schist.  At  Mill  Peak,  the  quartzyte  is  and' 
overlaid  by  a  red  conglomerate,  and,  above  the  conglomerate 
qnartzyte,  partly  calcareous. 

The  North  Park  and  Park  Range  are  described  at  length  by 
Mr.  Hague ;  only  a  li)w  facts  respectine  the  volcanic   rocks  are 
here  ciled.     They  are  all,  as  observed  also  by  others,  Tertiary  in 
age.     They  are  chiefly  rhyolytes,  according  to  Professor  Zirltel. 
Along  the  east  wall  of  the  Park,  the  lower  spurs  and  foothills  tA.  . 
the  Medicine  Bow  Range  are  covered  by  them.    The  central  point  | 
of  eraptJon  was  probably  on  the  slopes  of  Mt.  Richthofen,    The  I 
divide  between  Middle  and  North  Parks,  stretching  between  the  I 
two  great  Archtean  ranges,  is  composed  largely  of  trachytes  and  " 
liasails.     Till.'  Cn'taceoti!?  Bandstoiies  have   iti  pomi?  pl:icc-s  been 
lifted  by  the  erupted   trachytes.     East  of  Parkview  Peak  the 
emptive  rock  of  some  of  the  hills  is  granitoid  and  porphyritic, 
though  probably  related  to  the  trachytes.    Zirkel  calls  the  rock 
granite-porphyry.    The  eruptions  are  not  older  than  Cretaceous. 
The  basalt  of  the  divide  between  the  two  Parks  lies  almost  en- 
tirely westward  of  the  trachytic  region. 

The  Elkhead  Mountains  are  described  by  Mr.  Emmons.  They 
are  a  group  of  high  volcanic  peaks,  some  over  10,000  feet  above 
the  sea-level.  They  include  the  north -and-south  elevations  of 
Whitehead  Peak  and  Steves  Ridge,  and,  crossing  this,  an  east- 
and-west  ridge  of  basalt,  mainly  ncpheline  basalt.  The  trachytes 
are  sani din-trachytes,  but  contain  a  considerable  amount  of  augitc 
and,  in  some  places,  chrysolite,  as  described  by  Zirkel.  There 
seems  to  have  been  a  transition  from  the  trachytic  outflows  in 
Hantz  Peak  to  basaltic.  In  the  basalt  of  Bastion  Peak  occur,  be- 
sides the  ordinary  constituents  and  nephelite,  some  chrysolite,  and 
biotite,  ITie  account  of  the  Green  River  Basin  is  by  Mr.  Emmons; 
and  thone  of  the  Utah  Basin  and  Nevada  Plateau  are  i)y  him  and 
Mr,  Hague,  It  is  impossible  to  do  the  subject  any  justice  in  this 
place,  and  only  a  few  facts  are  here  cited.  The  elevation  of  the 
plateau  increases  westward  from  4,;i00  to  6,000  feet.  Ruby  Valley, 
along  the  east  base  of  the  Humboldt  range,  being  the  hi^cheBt  por- 
tion.    The  valleys  are  mostly  under  Quaternary  deposits,  coarse 
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and  fine.  The  ridges,  which  rise  2,000  to  6,000  above  the  level  of 
the  valleys,  trend  neariy  north-and-south,  are  approximately  par- 
allel, and  vary  from  five  to  ten  miles  in  width.  The  older  sedi- 
mentarv  strata  are  also  concealed  to  a  large  extent  by  great  out- 
flows of  Tertiary  volcanic  rocks,  which  have  spread  in  all  directions 
from  the  old  lines  of  upheaval. 

Between  the  Desert  Region — an  arm  of  the  Salt  Lake  Valley 
lying  to  the  west  of  the  Aqui  Mountains — and  the  first  ridge 
called  the  Ibenpah  Mountains,  there  are  terraces  at  the  heights 
800  feet,  500  feet  and  300  feet,  above  the  Desert  level,  the  second 
marked  by  calcareous  tufa. 

The  Wachoe  Mountains,  rising  oat  of  the  Gosi-XJte  Desert,  con- 
trast with  the  north-and-south  hues  of  Paleozoic  ridges  in  consist- 
ing of  a  dark  reddish-^ray  granite,  dioryte  and  quartz-porphyry, 
and  outside  of  these  a  Coal-measure  limestone,  and  then  andesytes 
and  rhyoiytes.  The  granite  contains  little  quartz,  and  afforded 
Professor  T.  M.  Drown  only  56-58  per  cent  of  silica,  with  5*20  of 
potash,  4'84  of  soda  and  5*62  of  lime.  The  so-called  '^  andesyte" 
IS  really,  not  a  hornblende  rock  (hornblende  grains  being  exceed- 
ingly rare),  but  contains  much  biotite,  along  with  a  tricUnic  feld- 
spar. One  of  the  two  agreeing  analyses  by  Mr.  Woodward  ob- 
tained Silica  67*63,  alumina  18*08,  iron  protoxide  2*17,  magnesia 
1*14,  lime  3*16,  soda  2*87,  potassa  3*86,  ignition  1*40=100*40, 
agreeing  little  with  ordinary  andesytes. 

The  East  Humboldt  Range  is  the  main  range  of  Central  Nevada, 
and  the  highest  between  the  Wahsatch  of  Utah  and  the  Sierra 
Nevada.  One  of  the  peaks,  Mt  Bonpland,  has  a  height  of  11,821 
feet  and  several  are  over  10,000  feet.  A  mass  of  Archaean  rocks 
— ffranites,  gneisses,  etc. — constitutes  its  axis,  though  striking 
obuquely  across  the  range,  and  on  either  side  of  it  are  inclined, 
unconformably,  Devonian  and  Carboniferous  strata.  There  are 
numerous  canons  in  the  limestone  of  the  eastern  slope.  All  the 
ridges  of  the  plateau  are  described  in  detail  in  the  Keport,  and 
also  those  of  the  Nevada  Basin. 

The  Repoii;  makes  an  excellent  companion  volume  to  that  on 
the  Petrology  of  the  40th  parallel  by  Zirkel,  it  explaining  at  length 
the  geological  relations  oi  the  rocks.  Many  chemical  analyses  of 
rocks  are  given,  the  most  of  them  by  Mr.  R.  W.  Wooaward. 
Besides  the  large  and  beautifully-colored  Atlas  already  noticed 
in  this  Journal,  there  are  many  most  excellent  ambrotype  plates 
in  the  text,  which  are  remarkable  for  their  topographic  and 
geological  interest. 

2.  Thra  AustrcUiensis  :  a  Description  of  the  Plants  of  the  Aus- 
tralian Territory.  By  Gbobgb  Bentham,  F.R.S.,  assisted  by 
Baron  Ferdinand  von  Mueller,  F.R.S.,  Ac,  Ac.  Vol.  VII,  Xox- 
burghiacem  to  FUices.  London :  Reeve  &  Co.  1878.  806  pp.,  8vo. 
— TUb  volume  brings  a  great  undertaking  to  a  happy  completion. 
The  first  volume  was  issued  in  the  year  1863,  ana  the  work  has 
made  steady  progress  to  the  end.  it  is  the  complete  phsBnoga- 
mous  Flora  of  a  continent,  and  the  only  one ;  is  worked  up  by  one 
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miod  and  haad,  within  a  time  and  at  an  aee  which  allows  no 
sensible  change  of  ideas  or  point  of  view,  so  that  it  is  throngfaotit 
comparable  with  itself.  It  is  the  work  of  the  most  experienced 
aud  wiso  systematic  botanist  of  the  day,  and  wheii  we  know  that- 
fully  as  much  other  work,  of  equal  character,  has  been  done  within 
these  fifteen  yeaiv,  it  will  not  be  denied  that  the  author's  indus- 
try and  powers  of  accomplishment  are  unrivalled.  No  one  else 
Las  done  such  good  botanical  work  at  t>uoh  a  rate.  If,  as  bodw 
fear,  the  race  of  first-class  systematic  (pbienogamous)  botanists  is 
destined  to  die  out  or  dwindle,  it  will  not  be  for  the  lack  iu  oar  | 
day  of  a  worthy  model. 

In  the  concluding  Preface,  Mr.  Bentbam  turns  over  to  his  able  i 
and  equally  indefatigable  coadjutor,  Von  Mueller,  the  duty  of 
incorporating  addenda  and  corrections,  and  suggests  the  j)repar»-  J 
tion  of  a  methodical  synopsis,  for  convenient  use,  especially  ill'  j 
Anatralia,  where  such  a  hand-book  will  be  most  helpful  and  need*  J 
ful.  This  trust,  we  doubt  not,  Yon  Maeller  will  duly  undertake^  J 
aud  may  be  expectul  worthily  to  accomplish.  Hia  fellow-workeni  I 
over  the  world  are  not  nnmindful  of  tneir  great  obligations  to  J 
him  in  the  development  of  Aastralian  botany,  and  in  rendering 

(iracticftble  the  pro<lnction  of  this  Flora  Austi'stiensis,  which  bas 
)een  equally  enriched  by  his  vast  collections  and  facilitated  by    j 
hix  nreliminary  study  of  them.  j 

'.  Bontham  now  declines  to  undertake  "  a  detailed  examimi-    \ 


tion  of  the  relations,  as  well  of  the  whole  flora  to  that  of  other  Jj 
ounntriea,  as  of  its  component  parts  to  each  other,"  referring^ 
instead  to  "the  principles  laid  down  by  J.  D.  Hooker  in  the 
admirable  ensay  prtfixed  to  his  Flora  Tasmnniie,"  but  recapitulat- 
ing shortly  the  general  characteristics  of  the  chief  component 
parts  of  the  present  flora  of  Australia,  the  most  peculiar  one  of 
any  large  part  of  the  globe.  Let  us  still  hope  that  he  may  some 
day  reconsider  this  determination,  so  far  as  to  discuss  in  a  general 
way  the  relations  of  Australian  botany  to  the  history  of  vegeta- 
tion on  the  globe. 

Peculiar  as  the  Australian  vegetation  is,  its  treatment  not 
rarely  touches  points  which  concern  the  student  of  the  American 
flora.  Especially  interesting  to  us  is  the  elaboration,  in  the 
present  volume,  of  the  Graminece,  in  which  General  Munro's 
matured  views — as  yet  little  known  by  publication — have  passed 
under  the  independent  consideration  of  a  veteran  general  botanist, 
and  in  which  the  author's  own  conclusions  regarding  the  mor- 
phology and  terminology  of  the  floral  parts  and  their  accessories 
are  practically  applietT  We  duly  noticed  Mr.  Bentham's  essay 
on  this  subject,  and  had  to  acknowledge  that  its  conclusions  are 
apparently  incontrovertible. 

Nest  to  this  order  in  importance  is  the  order  Cyperaceee,  upon 
the  arrangement  of  which  sound  judgment  is  brought  to  bear. 
The  great  order  Ijiliacece  is  made  to  include  the  Smilacew,  and 
not  the  Roxburghiacece.  We  should  have  excluded  both,  but 
Smilax  in  preference.     Contrary  to  Mr.  Bentham's  opinion,  we 
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should  insist  that  the  anthers  in  Smilax  are  unilocuiar  but  bilocel- 
kUe.  The  diagnosis  of  JSaoebitrghiaeecB  in  the  conspectus  distin- 
guishes the  on&r  from  Australian  Liliacese  only,  and  by  an  over- 
sight the  second  genus  of  the  order  is  said  to  be  restricted  to 
Japan,  whereas  it  was  founded  on  a  North  American  plant,  a.  g. 

3.  .Flora  of  Mauritius  and  the  Seychelles  :  a  Description  of  the 
Flowering  Plants  and  JFkms  of  those  Islands.  By  J.  O.  Bakbb, 
F.L.S.,  etc.  London :  Reeve  A  Co.  1877.  557  pp. — Another  of 
the  British  Colonial  Floras,  complete  in  one  volume.  Contains 
112  orders,  not  a  few  of  which  are  represented  mainly  by  natural- 
ized plants,  440  genera,  and  1058  indigenous  species.  Thanks  to 
sugar-culture  and  bad  management,  the  forests  of  Mauritius, 
"  which  at  the  time  when  it  was  named  by  the  Dutch,  in  1508, 
covered  it  to  the  water's  edge,  have  been  by  degrees  cut  down,  till 

they  are  now  almost  entirely  destroyed From  467  tons 

in  1812,  the  amount  of  sugar  exported  increased  till  it  reached  a 
maximum  in  1860,  so  that  it  was  calculated  at  that  time  that  this 
island,  with  an  area  of  700  square  miles,  produced  about  a  tenth 
of  the  exported  sugar  of  the  whole  world.  The  consequence  is 
that  the  mdieenous  flora  of  the  island,  as  we  have  it  now,  is  a 
mere  wreck  of  what  it  was  100  years  ago,  ....  and  the  interest- 
ing endemic  trees  and  shrubs  ....  have  either  been  entirely 
exterminated  or  become  very  rare,  and  that  a  crowd  of  intro- 
duced trees,  shrubs,  and  weeds  have  replaced  the  original  vegeta- 
tion to  a  greater  extent  than  in  any  other  part  of  the  world,  except 
St.  Helena.'*  The  number  of  introduced  plants  which  have  become 
established  on  the  island  is  estimated  at  269 ;  that  of  indigenous 
flowering  plants  and  ferns  is  869.  Rodriguez  has  probably  suf- 
fered in  the  same  proportion.  It  has  now  only  202  known  wild 
species,  86  of  whicn  are  peculiar.  The  Secheyelles,  of  30  little 
islands,  are  less  rich  in  peculiar  plants  than  was  expected :  338 
wild  species  are  known,  of  which  60  are  peculiar.  Six  of  them  are 
Palms,  of  as  many  genera,  Lodoicea  Sechellarum,  the  coco  de  mer 
being  the  famous  one.  The  Palms  are  elaborated  by  Dr.  I.  B. 
Balfour,  the  recent  explorer  of  Rodriguez,  the  Orchids  by  S.  L. 
Moore.  We  are  pleased  to  learn  that,  since  the  publication  of 
this  volume,  Mr.  Baker  has  been  elected  a  Fellow  of  the  Royal 
Society.  a.  g. 

4.  Porest  Flora  of  British  Burma,  By  S.  Eurz,  Curator  of 
the  Herbarium,  Royal  Botanic  Gardens,  Calcutta.  I^iblished  by 
order  of  the  Grovemment  of  India.  Calcutta,  1877.  2  vols.  8vo. 
1877. — ^Contains  plain  English  descriptions  of  all  the  known 
woodv  plants  of  the  district,  about  2000  species,  with  an  introduc- 
tory sketch  of  the  vai-ions  kinds  of  forest,  climatology,  etc.  When 
it  is  said  that,  '*  an  evergreen  tropical  forest  consisting  of  200  to 
300  species  of  trees  to  the  square  mile  is  almost  the  rule,"  it  must 
be  understood  that  shrubs  are  included.  This  work  appears  to  be 
carefully  done.  a.  o. 

5.  Tne  Apocvnaeem  of  South  America  ;  with  some  preliminary 
Remarks  on  the  whole  Family.     With  thirty-five  plates^  to  illus' 
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trtUe  thr.  »lru<^ur6  of  the  Oenera.  By  John  Mikra,  F.L.S.,  etc 
LondoD,  Williams  it  Norgate,  1678.  277  p}).,  4lo, — Thie  venerable 
and  iodefatigable  botanist  has  here  newly  etaborateil  a  great  [lart 
of  an  order  which  has  in  our  day  received  attention  from  Alphonse 
DcCandoUe,  from  J.  Mueller,  and  lately  from  Hentham,  in  the 
Gienera  Plautarum.  Many  new  genera  are  propotted,  several  enp- 
pressed  or  overlooked  genera  restored,  their  oharaoters  illuijtrat«d 
oy  the  author's  ueut  figures,  and  a  new  arrangement  into  classes 
and  tribes  proposed.  Two  of  tbe  classes  ai«  characterized  by  the 
Btnmena,  but  not  sharply  contrasted,  the  third  rests  upon  the  seed 
alone.  In  many  respects  the  eyBtem  differs  widely  from  that  of 
the  Genera  PlaDtarum.  a.  <i. 

6.  The  .Stuf/ent'a  Flora  of  the  British  Idandt.  By  Sir  J.  D. 
HooRER,  K.C.S.L,  C.B.,  etc.  Second  Edition.  Ix>ndon,  Mao- 
millan  &  Co.  1878. — This  new  edition  exceeds  the  old  one  by 
over  thirty  pages.  We  have  not  sought  b^  comparison  to  ascer- 
tain the  changes  made;  but  there  are  indications  of  carcfal 
revision.  The  accentuation  of  names  appears  to  be  perfect,  one 
or  two  omissions  excepted.  By  why  are  not  accents  cast  upon 
the  ty]}ee,  instead  of  being  interposed  between  them,  making  an 
ungainly  break  in  the  word?  A  really  compact  and  portable 
flora  like  this  is  a  great  convenience,  a.  g, 

7.  Botany  of  Kerguelen  JaUmd. — A  q^uarto  of  86  pages  and  6 
plates,  without  title  page,  is  received,  being  a  part  of  the  publica- 
tion of  the  fldeDtifio  resaUs  of  the  British  expedition  to  observe 
the  transit  of  Venus.  It  contains :  1,  Obaervationa  on  tbe  Botany 
of  Kergnelen  Island,  by  ,1.  IX  Hooker,  an  interesting  supplement 
to  his  former  dispussion  of  this  isolated  flornla,  strength  Lining  the 
8n|ij>osition  of  ihf  derivation  of  the  land  jilants  from  South 
America  by  means  of  former  intermediate  tracts  of  land  ;  2, 
Enumeration  of  the  Plants  hitherto  collected,  <&c. ;  by  the  same 
author,  except  as  to  the  Lower  Cryptogamia,  Of  these,  the 
Mtmci  and  Hepaticte  ai'c  by  Mitten,  Lichene*  by  Rev.  J.  M. 
Crombie,  Marine  Alt/ae  by  Profeaaor  Dickie,  Fresh  Water  Alga 
by  Professor  R^insch,  an  elaborate  contribution,  and  tbe  few 
.Funffi  by  Berkeley.  a.  g. 

8.  Ferns  of  North  America.  By  Professor  Danibl  C,  Eatok. 
— Farts  VI  and  VII,  issued  as  a  double  number,  maintain  the 
high  character  of  the  work  for  beauty  and  scientitio  exactneBS. 
Polypodium  aureum  is  particularly  well  represented ;  so  are  tbe 
Grape  Ferns  (Botrychium),  which  here  are  in  full  force.  The 
figure  of  Pkeyopteris  Dryopteria  is  very  characteristic,  but  fl.it, 
without  the  least  foreshortening ;  Blechnum  aerrulatuta  is  so  re- 
duced as  to  convey  no  idea  of  its  port ;  and  Adiantum  pedatum  is 
somewhat  thinnish.     The  paper  and  typography  are  sumptuous. 

A.  o. 

9.  A  Manual  of  the  Anatomy  of  Inoertebrated  Animaia.  By 
Thomas  H.  Huxley.  8vo,  596  pp.  New  York:  D.  AppIetoQ 
&  Co. — The  American  edition  of  this  important  work  was  issued 
some  months  ago,  but  was  not  noticed  at  that  time.     It  is  a  val- 
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nable  oompeDdiam,  both  of  general  and  special  anatomy  of  the 
invertebrata,  which  ahonld  be  in  the  hands  of  every  worlang  nat- 
nralist.  It  is  also  well  adapted  for  the  use  of  special  students 
pursuing  biological  studies  in  the  laboratory,  but  is  hardly  suit- 
able for  a  text-book  for  the  class  room,  owing  to  the  large  amount 
of  detail  introduced  in  many  cases,  and  the,  perhaps,  unnecessarily 
numerous  technical  terms  made  use  of.  It  is  freely  and  well  illus- 
trated. A.  B.  V. 

10.  Manned  of  the  Vertebratea  of  the  Northern  United  States. 
Second  Edition.  By  David  S.  Jordan.  12mo,  407  pp.  1878. — 
The  second  edition  of  this  work  has  been  considerably  enlarged, 
and  many  improvements  have  been  made.  The  portion  relating 
to  the  fishes  has  been  largely  rewritten,  and  the  artificial  keys  in 
that  group  have  been  replaced  by  '*  natural ''  ones,  for  the  genera. 
Most  of  the  additions  and  corrections  in  other  groups  are  to  be 
found  in  the  addenda.  a.  e.  y. 

11.  7%e  Structure  and  Habits  of  Spiders.  By  J.  H.  Ehrbton. 
12mo,  118  pp.,  with  67  cuts.  Salem,  Mass.:  S.  E.  Cassino. — This 
excellent  little  book  fills  a  place  in  our  zodlo^cal  literature  hith- 
erto entirely  unoccupied.  It  contains  very  clear  and  Interesting 
descriptions  of  the  anatomy  of  spiders,  their  classification,  their 
manners  and  customs  and  domestic  economy.  It  is  admirably 
illustrated  by  figures  drawn  from  nature,  b^  the  skillful  pencil  of 
the  author  himself.  Many  of  the  figures  illustrate  the  webs  and 
nests  of  spiders  with  remarkable  accuracy.  a.  b.  y. 

12.  First  Annual  Report  of  the  United  States  ^Entomological 
Commission^  for  the  year  1877,  relating  to  the  Rocky  Mountain 
LoetisL  With  maps  and  illustrations.  8vo,  771  pp.,  5  plates. 
Washington,  D.  C,  1878. — ^This  extended  report  contains  a  his- 
tory of  the  ravages  of  locusts  in  this  country,  with  statis- 
tics, their  geographical  distribution,  migrations,  etc. ;  detailed 
descriptions  of  the  species  and  others  closely  allied,  their  meta- 
morphoses, habits,  parasites,  anatomy,  histology,  etc. ;  a  detailed 
account  of  the  various  means  of  destroying  them  or  diminishing 
their  numbers,  and  accounts  of  the  effects  that  follow  their  rav- 
ages ;  accounts  of  ravages  of  locusts  in  otiier  countries ;  also 
numerous  appendices,  containing  various  collateral  information. 
Three  of  the  platefi,  drawn  by  Mr.  J.  H.  Emerton,  well  illustrate 
the  growth  and  metamorphoses  of  the  Rocky  Mountain  locust,  and 
two  other  closely  related  species  of  Caloptenus ;  the  fourth  plate, 
bj  Mr.  G.  y.  Riley,  illustrates  their  parasites ;  and  the  fiftn,  by 
Mr.  C.  S.  Minot,  illustrates  the  histology.  A  large  part  of  the 
volume  is  devoted  to  the  practical  bearings  of  the  subject  upon 
the  agricultural  interests  of  the  country.  a.  b.  y. 

18.  On  the  young  stages  of  Osseous  Fishes.  By  Albxandbb 
Agassiz.  (From  the  Proceedings  of  the  American  Academy  of 
Arts  and  Sciences,  yoL  xiv.)  8vo,  with  8  plates.  June,  1878. — 
This  paper  contains  the  results  of  the  extended  and  careful  studies 
of  the  author  upon  the  growth  and  metamorphoses  of  this  peculiar 
group  of  fishes,  including  the  results  of  various  experiments  made 


£43  Saentific  Ini(llii/en(x. 

to  test  the  ofiVcta  of  enTironment  upon  tbeir  color*,  etc  The 
phf  iiomena  connected  with  the  changes  Ju  the  position  of  the  eyes, 
niid  tlie  asymmetry  of  the  body  an>  ^lly  descnbed  and  illnstnted. 
The  sensitivenewt  of  the  young  flounders  to  the  character  of  the 
light  or  color  of  surroandiug  objects,  and  their  remarkable  powers 
if  imitating  such  colors  are  well  discussed.  A.  x.  y. 

14.  JiwuUt  of  the  Becent  Eelip»e  ;  by  Professor  C.  A.  Yocko. 
(From  the  New  York  Times,  of  August  16.) — It  is  early,  as  yet, 
to  estimate  the  full  scieutiGo  meaning  and  value  of  the  observa- 
tions made  during  the  recent  solar  eclipse,  but  it  is  already  evi- 
dent that,  though  in  some  respects  disappointing,  they  are  yet,  on 
the  whole,  of  an  iniportance  quite  eqaal  to  those  obtained  on  any 
similar  occasion. 

One  brilliant  discovery  will  probably  date  from  this  occasion, 
and  hold  a  conspicaous  place  in  the  annals  of  science.  T)ie  planet 
Vulcan,  after  so  long  eluding  the  hunters,  showing  them  from 
time  to  time  only  uncertain  tracks  and  signs,  appears  at  last  to 
bavG  been  fpirly  run  down  and  captured.  At  least  it  seems  to  us 
that  the  observations  of  Professor  Watson  at  KawHns,  and  Swift 
at  Denver,  must  for  the  present  be  taken  as  conclusive,  though 
perhaps  not  settling  the  question  beyond  the  possibility  of  re- 
opening or  dispute.  The  gentlemen  are  both  astronomers  of 
re])Uto,  accustomed  to  sweep  for  faint  objects,  and  provided  with 
ezoellent  instruments.  The  negative  results  of  Professors  New- 
oomb,  Wheeler,  Holden  and  others,  who  with  similar  inatruments, 
went  over  the  same  grannd  and  found  nothing,  are,  indeed,  nn- 
aatisfaetory  and  puszling ;  but  they  can  hardly  outweigh  the  posi- 
tive evidence  on  the  other  side,  though  they  certainly  justify  a 
certain  reserve  in  accepting  the  conclusion. 

Assuming  as  correct  Professor  Watson's  estimate  of  the  planet's 
brightness  (four  and  a  half  magnitude),  it  would  be  more  than 
forty  times  fainter  than  Mercnry,  and  considering  its  proximity  to 
the  sun  (which  would  make  it  much  brighter  than  if  at  the  same 
distance  as  Mercury),  it  would  seem  that  its  diameter  must  be 
somewhere  between  200  and  400  miles.  If  really  thus  minute,  it 
is  easy  to  see  how  it  has  so  long  escaped  discovery  ;  indeed,  the 
question  at  once  arises  whether  there  must  not  be  several  such 
Vulcans,  to  account  for  that  peculiar  behavior  of  Mercnry,  which 
led  Ijcverrier,  on  purely  mathematical  grounds,  to  assert  the  ex- 
istence of  a  planet  or  planets  between  Mercury  and  the  sun.  Mr. 
Swift,  in  fact,  claims  to  have  seen  two  bodies — Watson's  and  an- 
other near  it. 

It  is  unfortunate  that  the  single  observation  of  Professor  Wa^ 
eon  cannot  give  definite  information  as  to  the  orbit  and  motioDB 
of  the  planet ;  but  for  this  purpose  at  least  three  observations  are 
needed,  and  unless  (as  Professor  Watson  hopes  to  do)  he  succeeds 
in  identifying  some  of  the  many  recorded  transits  of  small  black 
objects  across  the  solar  disk,  as  observations  of  his  planet,  it  may 
be  long  before  we  shall  know  anything  further  about  it.  There 
is,  however,  a  bare  possibility  that  it  may  be  recovered  in  full 
daylight  by  arming  a  large  telescope  with  a  very  long  tube,  pro- 
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jecting  beyoDd  the  object  glass,  and  thus  enabling  the  observer  to 
examine  the  sky  within  a  degree  or  two  of  the  sun  without  letting 
the  sunlight  iiall  upon  the  lens.  If  the  experiment  coald  be  triea 
at  a  considerable  altitude,  where  the  atmospheric  glare  is  at  a 
minimum,  the  chance  of  success  would  be  greatly  improved. 

As  regards  the  physics  of  the  sun  and  the  corona,  the  principal 
and  most  important  result  of  all  the  observations  bearing  u^n 
this  subject  is  to  demonstrate  a  decided  sympathy  and  connection 
between  the  condition  of  the  sun's  visible  surface,  as  indicated  by 
the  number  and  character  of  the  sun  spots,  and  the  constitution  of 
the  corona. 

At  the  present  time  the  sun's  spots  are  at  their  minimum ;  whole 
months  have  passed  without  the  appearance  of  a  sinele  one.  The 
chromosphere^  or  colored  envelope  of  hydrogen  ana  other  gases 
which  immediately  surrounds  the  sun,  has  also  been  correspon- 
dently  quiescent,  and  the  so-called  '*  prominences  "  have  been  few 
and  small  Of  course  it  was  a  question  of  interest  whether  the 
corona  also  would  show  a  corresponding  difference  of  condition 
from  that  indicated  in  1869  and  the  later  eclipses,  when  the  Sun's 
surface  was  in  full  activity,  and  the  question  has  received  an  em- 
phatic and  affirmative  answer. 

As  to  the  brightness  of  the  corona  at  the  recent  eclipse,  there  is 
considerable  difference  of  opinion.  The  writer,  and  he  thinks  a 
large  migority  of  those  who  also  saw  the  eclipse  of  1860,  is  strongly 
of  the  impression  that  in  1869  the  corona,  though  perhaps  less 
extensive,  was  many  times  more  brilliant,  while  the  corona  in 
1870  seemed  to  him  intermediate  between  those  of  1869  and  1878. 
Some  of  the  best  observers,  however,  are  of  quite  the  contrary 
opinion,  and  it  is  frankly  to  be  admitted  that  one's  judgment  as 
to  the  brightness  of  an  object  like  the  corona  depends  so  much 
upon  the  condition  of  the  eye  at  the  moment  of  observation,  and 
that  condition  so  depends  upon  what  the  eye  has  been  doin^  for 
the  last  few  moments  preceding,  that  no  very  great  weight  is  to 
be  assigned  to  such  impressions.  The  writer  feels,  however,  con- 
uderaUe  confidence  in  his  estimate  of  the  relative  brightness  of 
the  three  eclipses,  because  in  all  three  cases  his  observations  were 
made  under  almost  precisely  similar  circumstances — near  the  mid- 
dle of  the  eclipse,  and  after  about  a  minute  of  close  spectroscopic 
work. 

While,  however,  there  may  be  room  to  question  the  conclusion 
that  the  corona  this  year  was  uncommonly  faint,  there  can  be  no 
question  that  its  spectrum  was  profoundly  modified. 

The  bright  lines  which  come  from  its  gaseous  constituents  were 
oonapicuous.  in  1869  and  in  all  the  subsequent  eclipses  until  the 
present  one,  but  this  year  they  were  so  faint  as  to  be  seen  by  only 
a  few  of  the  observers,  while  the  great  majority  missed  them  en- 
tirely, seeinff  only  a  continuous  spectrum.  This  was  especially 
remarkable  m  the  case  of  the  ffreen  corona  line  (known  as  **  1474'' 
from  its  position  upon  Kirchfaoff 's  map  of  the  solar  spectrum). 
Many  observers  saw  it  plainly  just  at  tne  beginning  and  end  of 
totality,  but  during  the  middle  of  the  eclipse  nearfy  all  entirely 
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lost  nght  of  it.  That  it  was  really  present  all  the  time,  bowever, 
though  faiat,  is  proved  by  the  otiservations  of  Profeeeor  Eastmau, 
Profesaor  Urackett,  Mr.  Thomas  and  the  writer,  the  former  of 
whom  traced  it  all  around  the  sun  to  a  distance  of  from  Id'  to  20', 
eoing  twice  over  the  ground,  and  keeping  it  in  eight  all  the  time. 
With  the  hydrogen  lines  the  case  was  eimilar;  the  writer  had 
one  or  other  of  them  iu  the  field  cuntinually,  and  they  pever  <{iute 
disappeared,  though  at  times  very  faini. 

Of  course,  the  slitless  spectroscopes,  both  ocalar  and  photo- 
graphic, from  which  so  mach  had  been  especled,  failed  to  give 
any  Hatiefactory  results.  In  1871,  when  the  mstniment«  were  first 
ased,  the  observers  saw  a  series  of  colored  images  of  the  corona. 
Mr.  Lockyer,  for  instance,  saw  four  such  images,  one  red,  oDe 
green,  one  blue,  and  one  violet.  This  year  nothing  of  the  kind 
appeared.  At  the  moment,  indeed,  when  totality  began  there  was 
m  exqaisite  exhibition,  first  of  the  darkness  of  the  solar  spectrum, 
md  then  for  an  instant  of  a  mnltitude  of  bright  colored  segments 
—the  spectrum  of  the  chromospberL' ;  bnt  when  the  toooD  had 
covered  the  chromosphere  there  was  only  a  disappoioting,  coutin- 
loos  band  of  color,  unmarked  by  rings,  of  any  kind. 

Those,  also,  who  were  looking  for  new  bright  lines  iu  the  corona 
spectmni  were  equally  unsucc«sBfu],  whether  they  employed  the 
ordinary  spectroscope  or  worked  by  photography.  Some  of  the 
observers,  the  writer  among  others,  used  a  so-called  "flaorescent 
eye-pieoe,*'  which  brings  the  otherwise  invisible  light  beyond  the 
extreme  violeA^nd  of  the  spectrum  within  the  range  of  homan 
eyes,  ^ly  the  action  of  a  film  of  flnoresccnt  liquid  (a-sculin  solnlion) 
inclosed  between  thin  platt'H  of  glass.  But,  although  before  total- 
ity the  apparatus  worked  perfectly,  disclosing  to  the  eyes  dark 
lines  innumerable  in  the  portion  of  the  spectrum  invisible  without 
its  aid,  alter  the  darkness  came  on  it  ftuted  to  show  a  single  bright 
line.  The  most  carefully  prepared  and  Bensitive  photograpnic 
apparatus  succeeded  no  better,  except  that  Dr.  Draper,  Mr.  Lock- 
yer, and  one  or  two  others  perhaps,  did  obtain  by  means  of  a  slit- 
less  spiectroscopc,  an  impression  of  a  faint  continuous  spectrum  id 
the  ultra  violet,  without  rings  or  markings  of  any  kind.  Evidently 
no  lines  existed  to  see  or  photograph  on  this  occasion. 

One  or  two  observations  were  made  of  some  interest  id  their 
relation  to  previous  work.  Professor  Rockwood,  of  the  Princeton 
party,  using  a  double-barreled  slitless  spectroscope,  observed  at 
the  beginning  of  totality  a  bright  red  Ime  in  the  chromosphere 
spectrum  very  near  to  B.  This  explains  an  observation  of  Mr. 
Pogson,  in  1 868,  who  then  insisted  that  he  saw  B  reversed  in  the 
Bpectnira  of  a  prominence,  but  as  all  the  other  observers  had  C 
instead  of  B,  his  record  was  generally  regarded  as  a  mistake. 

The  line  is  probably  one  well  known  to  solar  spectroscopists,  at 
634  of  Kirchnoff's  scale — a  line  exceedingly  difficult  to  see  in  the 
spectrum  of  the  chromosphere  under  ordinary  circumstances,  but 
still  invaiiably  present  and  exhibitable  (if  one  may  coin  a  word) 
with  proper  appliances.  Its  conspicuousness  in  Professor  Rock- 
wood's  instrument  is  a  matter  of  some  surprise,  bnt  there  could  be 
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no  mistake,  as  C  was  even  more  brilliantly  conspicuous  at  the 
same  time.  What  the  substance  which  causes  it  may  be  is  quite 
unknown.  Like  the  so-called  D,  line  it  has  no  corresponding  dark 
line  in  the  solar  spectrum. 

The  same  observer,  and  the  writer  also,  saw  both  H  lines  (cal- 
cium) brightly  reversed  in  the  spectrum  of  the  chromosphere; 
thus  confirming  observations  made  six  years  ago  at  Sherman,  but 
never  corroborated  since,  except  by  tne  photographic  spectrum 
obtained  by  the  Siam  expedition  in  1875. 

The  exquisite  reversal  of  the  dark  Fraunhofer  lines  at  the  mo- 
ment of  totality  was  seen  by  many  of  the  observers.  Several 
observers,  especially  Professors  Barker  and  Morton,  at  Rawlins, 
were  able  to  confirm  Janssen's  observation  in  1871  by  seeing 
the  principal  dark  Fraunhofer  lines  in  the  corona  spectrum,  thus 
showing  that  a  considerable  percentage  of  the  coronal  radiance  is 
mere  reflected  sunlight.  The  dark  lines  were,  however,  so  faint  as 
to  be  seen  hj  very  few,  and  this  shows  equally  clearly,  we  think, 
that  the  particles  which  reflected  the  sunlight  are  themselves  also 
self-luminous,  as,  of  course,  they  ought  to  be  so  near  the  sun. 

A  great  deal  of  attention  has  been  paid  to  the  polarization  of 
the  coronal  light  in  past  eclipses,  and  while  on  the  whole  there 
has  been  an  overwhelming  weight  of  evidence  in  favor  of  radial 
polarization,  yet  at  every  eclipse  some  observer  of  reputation  has 
obtained  anomalous  results  quite  at  variance  with  all  the  others. 
This  year  Dr.  Hastings  of  Baltimore,  comes  out  with  strong  tan- 
gential polarization  as  his  result  That  he  must  be  the  victim  of 
some  mistake  is  almost  certain,  since  all  the  rest  of  the  observers — 
Wright,  Kanyard,  Harknesss  and  others — are  emphatic  and  clear 
in  their  contrary  conclusion. 

Experiments  with  the  tasimeter  or  new  heat  measure  of  Mr. 
Edison  showed,  as  was  ascertained  many  years  ago,  that  the  heat 
of  the  corona  is  quite  sensible.  With  a  thermopile  attached  to  a 
peculiarly-arranged  spectroscope  Mr.  Anderson,  of  the  Princeton 

Earty,  obtained  a  doubtful  result,  which  may  indicate  a  bright 
eat-line  in  that  part  of  the  chromosphere  spectrum  below  the  red. 
It  has  been  represented  in  some  quarters  that  the  results  of  this 
eclipse  require  a  fundamental  reconstruction  of  the  theories  hith- 
erto held  regarding  the  constitution  of  the  corona.  This  is,  how- 
ever, an  entire  misapprehension.  The  same  constituents  appear 
in  the  corona  as  hitherto,  only  in  altered  proportions,  as  might 
have  been  and  was  expected  by  students  of  solar  physios.  In 
1869,  1870  and  1871  tne  gaseous  elements  of  the  corona — ^the 
hydrogen  and  "  1474  stufl^,'*  whatever  that  may  be^ — were  in  such 
quantity  and  condition  and  rose  so  high  above  the  solar  surface 
toat  their  lines  were  conspicuous  in  the  coronal  spectrum,  and 
attracted  the  attention  of  observers  far  more  forcioly  than  the 
feeble  continuous  spectrum  of  the  lisht  emitted  from  and  reflected 
by,  the  minute  solid  or  liquid  particles  which  also  constitute  an 
esaential  element  of  the  corona.  At  present  the  condition  is  re- 
Tersed.  The  gases  are  either  too  small  in  quantity  or  too  cool  to 
be  conspicuous.    The  lesson,  and  it  is  an  important  one,  is  simply, 
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as  bas  been  »aid,  that,  to  a  certain  extent,  tbe  (»jrona  Bympatbizea 
with  the  Bun-apots. 

It  certninly  looks  probable,  also,  that  while  tbe  gaseous  elementii 
of  the  corona  are  strictly  solar,  the  non-gaaeone  matter — the  coro- 
nal duHt  or  haze — is  of  extraneous  and  very  likely  meteoric  origin. 
At  any  rate,  tbe  extent  of  tbe  corona  was  certainly  not  less  than 
on  former  occasione,  whatever  may  have  l>een  the  case  with  its 
brightness.  In  fact,  it  has  never  been  traced  quite  so  far  from  the 
Bun  before,  as  this  time  by  Langley  and  N'ewcomb,  wbo  followed 
it  out  for  six  degrees  along  the  ecliptic,  a  success  partly,  of  courfte, 
due  to  the  elearness  of  tbe  air  at  their  elevated  statioitfl.  Now, 
this  iij  qoite  consistent  with  the  theory  that  meteor  streams  fur- 
nish the  biuy  matter  of  the  coronal  envelope,  siuve,  so  far  as  we 
can  judge,  they  have  nothing  to  do  with  the  sun-spots. 

A  very  interesting  problem  relates  to  tbe  effect  of  solar  forces 
upon  this  meteoric  matter,  if  such  it  really  be,  and  the  material  for 
the  study  in  famished  in  rich  abundance  by  the  numerous  drawings 
made  by  Langley,  Abbe,  Penrose,  Boss  and  others,  and  by  the 
photographs,  which  in  excellence  and  number  excel  those  obtained 
on  any  previous  occasion.  Among  the  beet  which  we  have  Been 
are  thi'  magnificent  series  made  bv  Rogers  at  La  Junta,  those  of 
Draper  at  Rawlins,  and  those  of  the  Princeton  party  at  Denver; 
undoubtedly  there  are  others  of  at  least  equal  excellence. 

To  sum  up:  The  eclipse  of  1 878  has  added  a  new  planet  to  the 
system,  and  has  demonstrated  that  the  unknown  cause,  whatever 
it  may  be,  which  prodnces  the  periodical  sun  spot*  at  intervals  of 
about  eleven  years,  also  affects  the  coronal  aimopphere  of  the 
sun. 

This,  of  course,  adds  a  certain  measure  of  probability  to  the 
idea  that  these  solar  periods  may  produce  some  effect  upon  the 
earth,  such  as  may  be  t'ett  in  our  meteorological  conditions  ;  and 
though  the  writer  by  no  means  concurs  with  Mr.  Locliyer  in  con- 
sidenng  that  Meldrum's  investigations  upon  Indian  cyclones  have 
already  demonstrated  connection  between  tbe  sun  spots  and  the 
weather,  but,  on  the  other  hand,  thinks  tbe  connection  almost  dis- 
proved by  results  of  other  investigators,  still  there  can  be  no  ques- 
tion that  the  subject  deserves  thorough  study. 

The  result  of  the  late  eclipse  goes  to  abow  such  a  periodical 
change  in  the  state  of  the  solar  atmosphere  as  might  very  possibly 
produce  a  sensible  effect  upon  the  earth ;  whether  it  does  or  not 
IS  a  question  which  can  be  settled  only  by  a  careful  and  syste- 
matic investigation  of  tbe  facts. 
Princeton,  N.  J.,  Thursday,  Aug.  16,  1878. 

15,  Institute  of  France. — Dr.  Asa  Gray  has  been  elected  Cor- 
re!»ponding  Member  of  the  Institute  in  place  of  Alexander  Brana, 
of  Berlin,  recently  deceased, 

Charles  Darwin  has  also  been  made  a  Corresponding  Member 
of  the  Institute. 

16.  The  AnniMii Meeting  of  Oerman  Naturali«t»  and PhysicUtt 
will  be  held  during  the  week  from  September  11—18,  instead  of 
the  following  week. 
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Art.  XXVII. —  On  the  Morphological  Laws  of  the  Configurations 
formed  by  Magnets  floating  vertically  and  stihjected  to  die  attrac- 
tion of  a  superposed  magnet ;  witfi  notes  on  some  of  the  phenom- 
ena in  molecular  structure  which  these  experiments  may  serye 
to  explain  and  iUustrate  ;  by  Alfrbd  M.  Mateb. 

In  the  April  and  June  numbers  of  this  Journal  (pages  276 
and  477  of  vol.  xv),  I  published  short  notes  on  my  experiments 
with  magnets  floating  vertically  and  subjected  to  the  attraction 
of  a  superposed  magnet  The  object  of  this  paper  is  to  present 
accurate  diagrams  of  the  configurations  formed  by  the  floating 
magnets  and  to  give  the  laws  ruling  these  configurations,  with 
some  notices  of  the  peculiarities  of  these  forms.  At  the  same 
time  I  will  show  how  neatly  these  experiments  illustrate  several 
phenomena  in  the  molecular  structure  of  matter. 

The  Diagrams.*  —  These  diagrams  show  the  configurations 
formed  by  numbers  of  magnets  extending  from  two  to  twenty. 
They  were  obtained  as  follows :  the  number  of  needles  forming 
a  configuration  were  floated  in  a  bowl  filled  to  its  brim  witn 
water.  The  eye  ends  of  the  needles,  which  protruded  a  short 
distance  beyond  the  tops  of  the  corks,  were  of  S.  polarity. 
A  cylindrical  mi^net,  38*™  lon^  and  15™™  in  diameter,  was 
clamped  in  a  vertical  position,  with  its  N.  end  at  the  constant 
distance  of  60  millimeters  above  the  tip  of  the  needle  which 
floated  in  the  line  of  the  axis  of  the  magnet.  I  tipped  the 
ends  of  the  needles  with  printer's  ink,  and  when  the  config- 
uration had  formed  and  was  stationary,  I  brought  down  upon 
the  needles  a  piece  of  flat  card-board,  and  thus  obtained  prints 

*  I  am  indebted  to  the  oourtesy  of  Mr.  A.  K  Beaoh,  of  the  Sdentiflo  AmerioaOt 
for  the  use  of  the  engrayfaigs  of  the  diagrams  which  illustrate  this  article. 
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from  nature.  Arouod  each  of  tbe  dots  od  tbe  card-board  I 
drew  a  black  disk.  The  centers  of  these  disks  I  joined  by 
lines,  in  order  to  bring  before  the  eye  the  contours  of  the  con- 
figurationa.  After  the  diagrams  of  the  coofigumtiona  had  been 
obtained  in  this  way  they  were  placed  at  a  Szed  distance  from 
the  camera,  and  photo-engravings  were  thus  made  of  about  one 
half  tbe  sizes  of  the  original  printa. 

The  Morphohgiral  Laws  of  the  Gmjigurations. — The  configura- 
tions made  by  the  floating  magnets  form  well  marked  groups 
or  classes,  which  may  be  designated  in  order  as  primary,  secon- 
dary, tertiary,  quaternary,  etc.  The  stable  configurations  of 
one  class  form  the  nuclei  to  the  succeeding  ones. 

Looking  at  the  diagrams  the  reader  will  see  that  figures  2  to  8a 
inclusive  form  the  primaries.  Figure  86  begins  the  secondaries, 
for  it  is  the  hessgon  with  2  for  nucleus.  Ct>n figurations  86,  Sc, 
9,  106,  lOn,  11,  12. 18, 14, 15, 16, 17,  16a,  186  and  19a  are  secon- 
daries, having  respectively  for  nuclei  the  primaries  2.  2,  2,  2, 
8,  3,  4,  4,  5a,  6a,  7,  7,  7,  8o.  8a.  The  configuration  106  is  not 
found  in  the  diagrams ;  it  is  the  same  as  the  10  which  forms  the 
nucleus  of  20,  only  the  two  central  lateral  needles  are  further 
removed  outward  from  the  vertical  axis  of  the  fig.  10. 

The  group  of  196  begins  the  tertia'nes.  Of  these  I  do  not 
give  diagrams,  but  inuicate  their  structure  by  giving  the 
numbers  of  the  secondaries  forming  their  nuclei  and  then  give 
the  numbers  of  needles  grouped  around  thpse  nuclei.  Thu;*, 
tbe  structure  of  the  configuration  formed  of  47  needles  is 
indicated  by  47  =  (18+14)+16;  which  means  that  47  needles 
form  a  configuration  which  hiis  18  for  its  inner  nucleus,  sur- 
rounded by  14  needles,  and  these  in  turn  surrounded  by  15; 
and  as  18+14  forms  the  tertiary  which  is  the  nucleus  to  this 
quaternary  47,  we  inclose  18  and  14  in  parenthesis. 

I  here  give  the  configurations  to  51  inclusive,  which  form 
begins  the  quinaries. 

Theconfigurationsof  the  same  number  of  magnets  are  lettered 
a,  b,  c,  to  indicate  their  degrees  of  stability ;  a  being  always  the 
most  stable  form.  I  have,  however,  lettered  the  configuration 
of  8  magnets  in  the  order  of  their  increasing  areas  in  order  to 
make  them  serve  better  for  the  purpose  of  illustrating  the  phe- 
nomena of  isomerism.     Really,  8c  is  more  stable  than  86, 


24b  =  11  ■)- 1.-< 


276=  16  +  J2 

33  =  IS  +  lfi 

28a  =  16-1- 13 

34o=  (8o  +  12)  +  U 

28i=  16  +  12 

290=  18  +  13 
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QuaternartM, 

346=    (9+l0)  +  16  40  =  (13 +  13) +  14  47  =  (18 +  14)  + 16 

35a  =    (9  +  12)  +  14  41  =  (13  +  13)  +  15  48  =  (18 +  16) +  16 

356  =  (10 +  12) +  13  42  =(13  +  14)+16  49  =  (18 +  16) +  16 

36    =(10  +  12)  +  14  43  =(16  +  14)  +  14  60  =    (8  +  ll  +  16)  +  16 

3t    =(10+13)+14  44  =(16  +  14)  +  16  61a  =    (8  +  12  +  16)  +  16 

38  =(11  +  13)  +  14  46  =(16  +  14)+16 

39  =(11  +  13)  +  15  46  =(18  +  14)  +  14 

Quinariea, 
616=    (9  +  12  +  14)  +  16 

I  do  not  say  that  the  above  list  contains  all  the  possible  com- 
binations. The  list  is  more  for  the  purpose  of  establishing  the 
laws  which  I  have  already  formulated. 

In  my  fii-st  publication  I  gave  two  configurations  for  four 
needles ;  one  having  the  needles  at  the  corners  of  a  square,  and 
a  stable  form  ;  the  other  unstable  and  formed  of  a  triangle  con- 
taining a  central  needle.  I  have  concluded  that  this  form  does 
not  exist ;  at  least,  its  existence  is  so  transient  that  it  has  never 
remained  long  enough  for  me  to  take  a  print  of  it 

I  have  stated  that  19b  begins  the  tertiaries.  This  is  an 
unstable  configuration,  and  is  formed  of  9  surrounded  by  10 
magnets.  The  other  19,  19a,  is  stable,  and  is  formed  of  8a 
surrounded  by  11  magnets.  It  is  to  be  remarked  that  not 
alone  the  tertiaries  but  the  configurations  in  the  other  classes 
begin  with  an  unstable  group  of  magnets.  Thus,  8c  begins 
the  secondaries,  19i  the  tertiaries,  346  the  quaternaries,  and 
51i  the  quinaries. 

The  reader  has  seen  that  a  given  number  of  magnets  may 
form  two  or  more  different  configurations.  Thus,  five  magnets 
form  two,  5b  a  square  with  a  magnet  at  its  center,  and  5a  a  pen- 
tagon. Six  magnets  give  6a  and  6b.  With  eight  magnets  we 
obtain  three  configurations,  8a,  8A,  and  8c.  Now  the  diflferent 
configurations  formed  of  the  same  number  of  magnets  always 
exhibit  different  degrees  of  stability.  Vibration  of  the  less 
stable  forms  (produced  by  alternately  lifting  and  lowering  the 
superposed  magnet)  sends  them  into  the  stable  forma  Thus,  5J 
on  vibration  rearranges  itself  into  5a ;  6i  into  6a ;  and  8c,  or  86, 
into  8a.  With  the  configurations  of  higher  classes  (the  tertiaries, 
quaternaries,  etc.),  even  a  knock  on  the  table  is  sufficient  to 
cause  the  needles  of  the  unstable  configuration  to  move  to 
positions  of  stable  equilibrium. 

On  looking  at  the  diagrams  it  will  be  observed  that  only  the 
stable  primaries  form  the  nuclei  of  the  secondaries,  and,  more- 
over, those  primaries  which  are  not  dimorphous,  like  2,  8,  4 
and  7,  serve  as  nuclei  to  more  than  one  secondary.  Thus,  2  is 
the  nucleus  of  8a.  86,  8c,  9  and  106:  8  is  the  nucleus  of  10a 
and  11 ;  and  7  is  the  nucleus  to  16,  17  and  18;  while  each  of 
the  other  stable  and  dimorphous  primaries,  6a,  6a  and  8a, 
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appears  only  once,  as  nucleus  respectively  to  H,  16  and  18i. 
This  same  power  of  the  most  stable  nuclei  to  resist  outside  stress 
is  shown  in  the  configurations  of  the  tertiary  and  quaternary 
classes,  where  the  secondary  11  appears  as  nucleus  to  21,  22, 
2S  and  24.  The  secondary  18a  persists  in  even  a  more  marked 
manner  as  a  nucleus.  This  18a  has  the  contour  of  that  very 
stable  7  (the  only  configuration  possible  with  7  magnets),  whion 
forms  its  nucleua  Among  the  tertiaries  18a  is  the  nucleus  of 
SOi,  31,  32  and  83,  while  in  the  quaternaries  it  forms  the  inner 
nucleus  of  46,  47,  48  and  4y.  The  fact  of  the  persistence  of 
these  stable  forms  as  nuclei  may  be  suggestive  to  chemists  and 
crystallographera 

It  is  here  to  be  remarked  that  (as  a  general  rule  holding  good 
in  all  the  classes)  of  two  configurations  made  up  of  the  same 
number  of  magnets,  that  configuration  is  the  more  stable  which 
bas  the  least  number  of  needles  for  its  nucleus. 

Illustrations  of  Mokcuktr  Slruclure,  (1.)  Unstable  Molecular 
Equilibrium. — That  the  molecules  in  a  body  may  be  in  a  state 
of  unstable  equilibrium,  ao  delicately  balanced  that  a  slight 
extraneous  action  of  pressure,  of  heat,  light,  etc.,  may  cause  a 
new  molecular  arrangement  in  the  body,  is  shown  in  many 
facts.  A  few  of  the  more  familiar  ones  will  answer  for  our 
purpose.  Thus,  quiet  water,  which  remains  liquid  at  a  tem- 
perature of  10°  C,  or  more,  below  0°  0.,  changee  suddenly  into 
ice  when  agitated ;  and  during  this  solidification  its  temperature 
rises.  In  like  manner  n  supersaturated  solution  of  disodiura 
sulphate  solidifies  when  a  crystal  of  this  substance  is  dropped 
into  it.  Another  instance  of  a  sudden  change  from  an  unstable 
to  a  stable  molecular  condition  is  shown  when  the  yellow  crys- 
tals of  mercuric  iodide  change,  on  the  touch  of  a  glass  rod,  to  a 
scarlet  color  with  a  perceptible  motion  of  their  particles.  These 
and  similar  phenomena  are  illustrated  by  the  change  of  unstable 
to  stable  configurations  caused  by  vibration,  shock,  and  varying 
conditions  of  stress.  Thus,  6b  changes  into  6a;  6i  into  6a; 
and  8c  and  8J  into  8a. 

(2.)  Illustrations  of  the  Expansion  on  Solidijication,  as  shown 
by  water,  bismuth,  antimony,  cast-iron,  etc.,  are  readily  given 
by  the  floating  magnets.  One  volume  of  water  at  0='  C.  expands 
on  freezing  into  about  one  and  one-tentli  volume  of  ice.  It 
happens  that  the  area  of  5b  is  greater  than  the  area  of  5a  by 
about  one-tenth  ;  so  that  the  increase  in  area  which  takes  place 
when  the  pentagon  of  5a  is  changed  into  the  square  56  may 
represent  the  increase  in  the  volume  of  water  when  it  changes 
into  ice. 

It  will  be  observed,  on  an  examination  of  the  diagrams,  that 
of  two  configurations,  formed  of  the  same  number  of  needles, 
that  configuration  which  has  the  larger  area  has  a  magnet  in  ita 
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center.  Thus,  Bb  exceeds  in  area  6a,  and  6a  is  of  greater  area 
than  66.  To  see  the  e£fect  of  a  repulsive  center  on  a  configura- 
tion, compare  the  areas  of  the  two  squares  4  and  66,  and  of  the 
two  pentagons  6a  and  6a.  The  most  marked  effect  of  a  repul- 
sive central  magnet  is  seen  on  comparing  14  with  16.  The 
outside  contour  of  each  is  formed  of  9  magnets.  The  nucleus 
of  14  is  the  peculiar  flattened  pentagon,  which  is  expanded  into 
symmetry  on  the  addition  of  another  magnet,  while  at  the  same 
time  the  outside  contour  of  16  conforms  to  the  regular  pen- 
tagonal nucleus.  These  phenomena  are  so  suggestive  that  I 
make  bold  to  put  the  question :  may  it  not  be  that  there  is  an 
actual  centralisBation  of  atoms  in  the  molecule  when  a  body 
expands  in  solidifying,  and  in  the  case  where  of  two  or  more 
isomeric  bodies  one  has  always  the  minimum  density  ?  I  offer 
this  as  a  suggestion  which  may  be  worthy  of  the  consideration 
of  crystallographers. 

^8.)  lUuatrationa  o/Allotrapy  mid  Isomerism, — The  most  inter- 
esting of  our  experiments  with  the  floating  magnets  are  those 
illustrating  the  phenomena  of  allotropy  and  isomerism.  It  is 
well  known  that  an  elementary  substance  may  exist  under  very 
different  forms.  By  the  action  of  heat,  electricity,  etc.,  an  ele- 
ment may  have  its  physical  and  chemical  properties  so  changed 
that  no  one  would  suppose  that  the  different  Dodies  thus  made 
out  of  one  and  the  same  element  were  really  all  of  the  same 
substance;  yet  the  body  remains  elementary  under  the  different 
appearances,  for  it  is  impossible  by  any  means  of  subtraction 
to  get  anything  but  the  elementary  substance  from  it  Phos- 
phorus, sulphur  and  carbon  give  instances  of  allotropy.  Thus 
graphite  and  the  diamond  are  both  carbon,  yet  how  different 
are  they.  One  is  soft,  opaque,  black,  and  with  a  metallic  luster ; 
the  other  is  the  hardest  of  Dodies,  transparent,  and  resplendent 
bv  its  refractive  action  on  light  Graphite  is  a  good  conductor 
ol  electricity ;  crystallizes  in  small  six-sided  tables  which  belong 
either  to  the  hexagonal  or  monoclinic  system,  and  have  a  spe- 
cific ^vity  of  2*2 ;  while  the  diamond  is  a  bad  conductor  of 
electricity,  crystallizes  in  the  monometric  system,  and  has  a 
specific  gravity  of  8*6.  Whenever  an  element  or  a  compound 
takes  two  different  crystal  forms,  these  different  crystals  always 
differ  in  their  density. 

These  differences  of  form  and  density  shown  in  allotropy  and 
isomerism  are  well  illustrated  in  the  configurations  which  are 
formed  of  the  same  number  of  magnets.  Take  figures  6a  and 
66.  The  first  is  a  pentagon.  The  second  is  a  square  with  a 
magnet  in  its  center.  The  forces  in  these  floating  magnets  and 
in  the  superposed  magnet  remain  the  same  in  all  the  configura- 
tions, and  these  have  all  been  printed  from  needles  floatM  in 
water  whose  surface  was  at  a  constant  perpendicular  distance 
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from  the  pole  of  the  superposed  magnet.  Thus  we  see  how 
tbe  same  atoms  endowed  with  (orcea  of  the  same  strength,  may 
take  different  relative  positions,  and  thus  produce  very  different 
cryatal-forme  in  the  same  matter.  We  may  take  5a  for  an 
illustration  of  the  atomic  arrangement  in  the  diamond,  while 
f)b  may  stand  for  graphite.  But  there  is  always  a  change  of 
density  accompanying  the  different  forma  in  aliotropy,  and  this 
fact  is  also  illustrated  by  configurations  6a  and  66.  In  bodies 
formed  of  the  same  kind  of  elementary  atoms,  as  in  aliotropy, 
it  is  evident  that  their  relative  densities  will  be  directly  as  the 
number  of  atoms  contained  in  the  unit  of  volume.  As  our  con- 
figurations illustrating  aliotropy  conuin  the  same  number  of 
magnets,  it  follows  that  tbe  relative  densities  of  these  configura- 
tions are  inversely  as  their  areas.  Now  the  area  of  6a  (measured 
on  tbe  original  piinta)  is  818  square  millimeters,  and  the  area  of 
66  is  992  square  millimeters,  hence  the  density  of  6i  is  to  the 
density  of  56  as  992  is  to  818.  Thus  we  see  how  the  arrange- 
ment of  m^nela  in  5a  may  stand  for  the  molecular  structure 
in  the  diamond  while  5i  may  stand  for  that  in  graphite. 

Numerous  instances  exist  in  chemistry  of  the  same  elements 
combined  in  the  same  porportions,  yet  producing  bodies  crys- 
tallizing in  different  forms,  and  having  different  densities,  color, 
transparency,  hardness,  etc.  As  examples  of  this  phenomenon 
of  isomerism  we  may  cite  calcium  carbonate,  which  crystaUizes 
in  two  forms  differing  in  density,  viz:  as  calc  spar  of  a  s[>eeific 
gravity  of  2'72,  and  as  aragonite  of  a  specific  gravity  oi  2-9tJ. 
Configuration  fin  may  staiiil  for  the  molecular  structure  of  calc 
spar,  while  66  may  stand  for  that  of  aragonite.  The  relative 
densities  of  these  two  configurations  are  as  208  to  2i7. 

A  striking  example  of  isomerism  is  given  in  titanic  acid, 
which  crystallizes  in  three  distinct  forms:  as  analase,  specific 
gravity  3'82;  as  brooh'le,  specific  gravity  41)2;  and  as  rufiU, 
specific  gravity  4"25.  These  three  isomers  may  be  illustrated 
by  8c,  86  and  8fl,  which  have  respectively  the  densities  of  382, 
S64  and  3ti0. 

It  will,  of  course,  be  understood  that  the  above  paralellisms 
are  given  merely  as  !7ius(ni(»wia  of  how  our  experiments  may 
serve  to  explain  and  illustrate  the  phenomena  on  the  assump- 
tion of  the  atomic  hypothesis  and  on  tlie  supposition  that  the 
actions  which,  in  the  experiments,  take  place  in  a  plane,  may 
similarly  take  place  among  repelling  and  attracting  points  sit- 
uate in  space  of  three  dimensions. 

Olher  forms  of  the  Experiments. — Instead  of  floating  the  mag- 
nets they  may  be  suspended  by  fine  silk  fibers.  In  this  methc^ 
of  experimenting  the  attractive  action  of  the  superposed  magnet 
is  replaced  by  the  action  of  gravity,  which  draws  the  mutually 
repellaat  needles  toward  the  vertical. 
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An  advaotage  of  this  form  of  the  experiment  is  that  the  con- 
figoratioD  can  be  transported,  and  may  thus  serve  in  illustration 
of  a  moviug  molecule  as  is  set  forth  in  the  kinetic  theory  of 
gases.  It  is  interesting  to  watch  tlie  mutual  actions  of  two  or 
more  approaching  configurations,  and  to  observe  the  motions 
in  the  exterior  and  in  the  contour  of  a  suspended  configuration 
on  its  impact  against  a  resisting  or  a  yielding  surface. 

Professor  O.  N.  Rood  suggested  to  me  to  replace  the  sus- 
pended magnets  by  gilded  pith  balls,  bang  by  silk  fibers  and 
similarly  electrified. 

Professor  Frederick  Qutbrie,  of  London,  under  date  of  May 
21,  writes:  "If  the  corks  are  made  somewhat  wider  than  in 
your  lai^er  needles,  the  needles  move  and  arrange  themselves 
very  quickly  if  th^  are  turned  over  and  fioateu  on  perfectly 
pure  and  freshly  filtered  mercury.  Those  which  reach  the 
edge  incline  with  their  corks  in  the  capillary  trough." 


ifethod  of  projecting  the  magnified  images  of  the  experimenta  on 
a  eereen, — To  exhibit  these  experiments  before  a  large  audience 
it  ia  best  to  use  short  magnets  made  as  follows :  Magnetize 
rather  large  sewing  needles  with  their  points  all  of  the  same 
polarity,  tnen  take  each  needle  between  the  flat  jaws  of  a  pair 
pliers  and  with  a  pair  of  cutting- pliers  snap  oEf  the  needle 
close  to  the  jaws  of  the  other  pliera  Thus  form  a  series  of 
rnagneta  about  i  inch  in  length.  Sun  each  of  these  through  a 
thin  section  of  a  small  cork  and  then  coat  both  needle  and  cork 
with  shellac  varnish.  Float  these  magnets  in  a  glass  tank 
placed  over  the  condensing  lens  of  a  vertical-lantern,  or  you 
may  even  float  them  directly  on  the  condenser  itself  if  this  is 
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made  of  an  inverted  glass  ahade  filled  with  water.  This  form  of 
condenaer  was  first  used  by  Dr.  K.  M,  Fergusoa,  of  Edinburgh. 

Fiff-  1  shows  the  arrangement  of  the  experimeot.  The  rays 
of  light,  R,  from  a  heliostat,  or  from  an  oxyhydrogen  light,  fall 
on  80  inclined  mirror,  A.  placed  under  the  water  condenser  C, 
The  needles  fioat  on  the  surface  of  the  water  in  this  condenser. 
The  rays  which  have  passed  through  the  lens,  L,  are  reflected 
by  the  swinging  mirror,  B,  to  the  distant  screen,  where  they 
form  the  images  of  the  floating  magnets.  The  magnet  is  held 
over  the  needles  at  M,  by  means  of  a  wire  which  is  wrapped 
round  the  magnet  to  serve  as  a  handle.  If  a  long  magnet  be 
used  it  wilt  work  well  if  its  pole  is  brought  over  the  needles* 
by  inclining  it. 

These  experiments  with  floating  magneto  give  forcible  pre- 
sentations of  the  reign  of  law.  It  is  indeed  quite  impressive 
to  see  order  being  evolved  out  of  chaos  as  we  hold  a  magnet 
over  a  number  of  needles,  careleasly  thrown  on  water,  and  wit- 
ness them  approaching  and,  one  after  the  other,  entering  into 
the  structure  of  that  geometric  figure  which  conforms  to  the 
number  of  magnets  composing  it. 


Art.  XXVUL — On  the  presence  <^  Dark  Lines  in   the   Solar 
Spectrum,  which  correspond  closely  to  (he  lines  of  the  Spectrum 

of  Oxyfjen;  by  JoHS  CHKi3TornEB  Draper,  M.D.,  LL.D., 
Professor  of  Natural  History  in  the  College  of  the  City  of 
New  York. 

The  measurement  of  the  wave  lengths  of  the  dark  lines  of 
the  solar  spectrum  obtained  by  photographs,  and  the  constmc- 
tion  of  a  chart  of  the  same,  has  for  many  years  occupied  my 
leisure  time.  As  a  result  of  the  investigations  connected  with 
this  work,  I  have  arrived  at  the  belief  that  oxygen  as  well  as 
other  non-metallic  gaseous  elements  are  represented  in  the 
solar  spectrum  by  dark  lines,  in  the  same  manner  as  metallic 
substances.  The  lines  in  the  case  of  oxygen  are  however  very 
faint,  when  compared  with  those  produced  by  metals  in  the 
vaporous  state. 

The  apparatus  employed  in  these  investigations  may  be 
briefly  described  as  follows:  1st,  a  spectroscope  for  photo- 
graphing the  normal  solar  spectrum.  As  my  purpose  was  to 
obtain  photographs  in  which  the  positions  of  the  lines  should 
be  as  true  as  possible,  I  resorted  entirely  to  the  process  by 
reflection,  and  at  no  time  did  the  solar  rays  pass  through  glass ; 
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all  error  that  might  arise  daring  refraction  was  thus  avoided. 
The  mirrors  of  the  heliostat  were  of  flat  glass  silvered,  the 
silver  sur&ce  being  polished  served  as  the  reflector.  The  sur- 
face of  the  concave  mirror  employed  to  bring  the  image  of  the 
slit  to  a  focus,  was  also  silvered  and  polished.  Gratings  of 
4800  and  9600  lines  to  the  English  inch,  ruled  on  gla&s  by  a 
machine  constructed  by  myself  and  my  assistant  Mr.  Sickels, 
and  also  an  admirable  one  of  17,280  lines  to  the  inch,  for 
which  I  am  indebted  to  Mr.  Butherfurd,  were  used.  These 
were  silvered  with  a  thin  coating,  and  the  unpolished  silver 
surface  employed  to  give  spectra  by  reflection.  With  the 
4800  line  ^ratings  the  photc^raphs  were  in  the  1st  and  8d 
orders;  with  those  of  9600  lines  in  the  8d  order,  and  with 
17,280  in  the  1st  and  2d  orders.  The  accuracy  of  the  grating 
was  tested  with  satisfactory  results  b^  taking  photographs  m 
equivalent  orders  of  spectra  on  each  side  of  the  normal.  The 
photographs  for  the  determination  of  the  wave  lengths  of  the 
solar  spectrum  were  in  sections  of  eighty  to  one  hundred  and 
fifty  wave  lengths  The  gratings  were  adjusted  to  the  line  of 
no  deviation  for  the  center  of  each  section  of  the  spectrum,  as 
it  was  photographed. 

The  wave  lengths  of  the  lines  of  the  spectrum  were  carefully 
measured  on  the  original  photographs,  by  projecting  them 
upon  a  scale  of  wave  lengths,  each  wave  length  being  five 
millimeters  in  extent  The  scale  was  drawn  upon  slips  of 
paper,  which  had  been  glued  to  strips  of  well-seasoned  pine 
wood  cut  with  the  grain.  The  lantern  used  for  proiection  was 
that  described  in  ui\a  Journal  for  April,  1878.  The  distance 
of  the  lantern  from  the  scale,  and  the  consequent  magnifying 
power,  was  so  adjusted  as  to  make  the  leading  lines  of  the 
photograph  coincide  with  the  same  lines  of  Angstrom,  drawn  in 
their  proper  position  below  the  scale  as  is  shown  in  the  diagram 
given  later  on.  Thus  the  positions  of  the  lines  in  each  section 
of  one  hundred  or  more  wave  lengths  were  all  made  visible 
at  once,  and  the  errors  in  Angstrom's  chart  corrected.  From 
4045  to  0  in  the  ultra-violet  the  leading  lines  of  Gomu  were 
employed.  Among  the  advantages  presented  by  this  method 
of  studying  and  measuring  the  lines  of  the  spectrum  we  may 
mention  the  opportunity  offered  for  several  persons  to  inspect 
at  the  same  time  the  details  of  the  section  under  examination, 
and  submit  them  to  intelligent  discussion.  To  this  we  may 
add  the  ^cilities  offered  for  comparing  many  photographs 
with  each  other  by  marking  below  the  scale  the  peculiarities 
of  one,  and  then  projecting  the  others  in  order  upon  the  marks 
mada  In  this  way  the  effects  of  duration  of  exposure  and 
manner  of  development  of  the  image,  together  with  the  varia- 
tion in  the  size  of  the  slit  and  focal  distance  may  be  investi- 
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gated,  and  their  action  on  the  details  of  the  picture  determined. 
Pictures  may  even  be  placed  face  to  face,  one  a  little  above 
the  other,  and  examined  in  that  position  by  projection.  From 
the  mensurea  thus  obtained  a  chart  of  the  spectrum  was  con- 
Btrncted,  which  extended  from  E  in  the  green  to  P  in  the 
ultra-violet.  The  values  assigned  to  the  wave  lengths  in  this 
chart  are  those  of  Adgstrom,  and  it  is  my  puri.)09e  to  present 
the  positions  and  characters  of  certain  of  these  lines  in  this 
communication. 

The  great  increase  in  the  number  of  lines  in  the  chart  made 
from  photographs  by  Mr.  Rutherfurd'a  grating,  compared  with 
that  of  Angstrom  led  me  to  collect  all  the  measuremeota  of 
Bpeetrum  lines  of  elements  that  I  could  find,  for  the  purpose  of 
determining  the  character  of  the  newly  measured  lines.  On 
comparing  the  lines  of  the  spectra  of  oxygen,  nitrogen  and  air, 
as  given  in  Watt's  index  of  spectra,  from  the  researches  of 
Thal<5n,  Huggins  and  Pliicker,  I  was  struck  with  the  number 
of  approximate  eoineidencea  between  the  wave  lengths  of  oxy- 
gen lines  and  those  of  dark  lines  in  my  map.  Attempting  to 
make  a  close  comparison  of  the  oxygen  with  the  solar  lines  I 
w!is  confronted  by  the  following  difiicuUies.  viz:  The  measiure- 
ments  of  Thal<5n,  Huggins  and  Pliicker  were  given  in  wave 
lengths  only  ;  fractions  being  omitted  altogether.  Error 
amounting  to  half  a  wave  length  could  therefore  exist  in  the 
position  of  a  line,  awordinj;  as  it  fell  on  one  side  or  the  other 
of  a  figure  on  the  scale  expressing  a  wave  length.  In  the 
values  given  to  the  air  lines  by  Angstrom  in  his  chart,  this 
difficulty  did  not  exist;  I  therefore  attempted  the  use  of  Ang- 
strom's values,  employing  the  work  of  Huggins  and  Pliicker, 
to  sep,Trate  as  far  as  posiible  the  oxygen  from  the  nitrogen 
lines.  This  operation  was,  however,  quickly  discarded ;  because 
of  the  great  differences  existing  between  these  authorities  re- 

farding  the  wave  lengths  of  a  number  of  oxygen  and  air  lines. 
'o  obviate  this  trouble,  I  made  photographic  measurements  of 
the  lines  of  the  electric  spectrum  of  oxygen  by  the  method 
detailed  below. 

The  apparatus  employed  consisted  of  a  spectroscope  with 
two  flint  glass  prisms  of  60°,  adjusted  to  the  minimum  devia- 
tion of  D'.  Collimator  and  telescope  objectives,  achromalics  of 
ten  inches  focus.  This  was  used  to  make  photographs  of  the 
spectra  given  by  the  condensed  electric  spark  in  oxygen,  in  air 
and  in  nitrogen.  When  so  employed  the  eye-piece  of  the 
telescope  was  removed,  and  a  camera  placed  in  its  stead.  The 
slit  was  sometimes  made  as  narrow  as  was  possible.  The 
induction  coil  was  one  of  Ritchie's,  giving  a  ten-inch  spark,  and 
having  a  hammer  curreut-bi-eaker  driven  by  clock  work.  The 
battery   was  three  two-gallon  bichromate  cells,  the  elements 
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were  large,  but  just  touched  tbe  fluid  when  the  battery  was  in 
operation.  The  large  mass  of  fluid  in  proportion  to  the  im- 
mersed area  of  the  elements  served  to  supply  a  very  uniform 
primary  current.  The  condenser  on  the  secondary  current 
consisted  of  ten  glass  plates,  each  having  a  tin  foil  coating  of 
thirty-six  sc^uare  inches.  One  or  more  of  these  plates  could 
be  thrown  mto  the  circuit  as  occasion  required.  By  this 
arrangement  a  number  of  photographs  of  the  electric  spark 
between  platinum  and  iron  points,  in  atmospheres  of  oxygen, 
and  of  oxygen  and  nitrogen  were  made.  The  positions  of  the 
iron  and  oxygen  lines  in  these  were  measurea  as  in  the  solar 
photographs,  by  projection  under  a  suitable  magnifying  power. 
The  center  of  each  line  was  the  portion  from  which  measures 
were  taken  in  all  casea  The  wave  lengths  of  the  oxygen  lines 
were  then  determined  by  means  of  a  curve,  which  from  >13864 
to  >14414*76  was  based  on  the  iron  lines  of  the  same  spectrum. 
In  all  forty-seven  iron  lines  in  this  extent  of  the  spectrum,  or 
about  one  to  every  eleven  wave  lengths  were  used.  The 
values  assigned  to  the  iron  lines  were  those  obtained  in  my 
chart  of  the  solar  .<ipectrum.  By  this  method  of  measurement, 
errors  arising  from  maladjustment  of  two  spectra  were  avoided. 
From  >1441476  to  M705,  the  iron  lines  did  not  photograph,  I 
was  therefore  obliged  to  construct  this  portion  of  the  curve 
from  the  wave  lengths  of  oxygen  and  air  lines  already  given 
by  various  authorities;  selecting  those  values  in  which  they 
agreed.  From  3864  to  4414*76  the  results  are  therefore  accu- 
rate. From  4414*76  to  4706,  though  they  are  approximate,  the 
error  if  any  exists,  must  be  very  small.  The  measurements  to 
fractions  of  a  wave  length  were  obtained  by  constructing  the 
curve  on  a  scale  of  sufficient  magnitude. 

In  illustration  of  the  great  number  of  lines  presented  by  my 
chart  of  the  solar  spectrum  as  compared  with  that  of  Angstrom, 
I  give  a  small  section  extending  from  4062  to  40S0,  within 
which  the  oxygen  group  4069-80— 4072*10— and  4075*50  falls. 
On  the  upper  part  of  the  diagram  the  symbols  of  the  elements 
are  placea,  to  which  according  to  Angstrom,  corresponding  lines 
are  found  in  the  solar  spectrum.  On  the  first  space  below  the 
line  is  the  scale  of  wave  lengths,  each  wave  length  being  five 
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millimeters  in  extent  In  the  second  space  the  lines  of  Ang- 
strom's chart  are  given.  In  the  third  space  the  lines  measurea 
on    the  photographs,   the  vertical   portion   of    each    symbol 
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giving  the  position,  and  the  horizontal  portion  the  width, 
and  also  the  darkness  on  an  arbitrary  scale  of  one  to  ten.  The 
darkest  lines  encroach  most  on  the  vertical  portion  of  the  sym- 
bol. The  value  10  is  expressed  in  the  symbol  of  the  Ma  F« 
line  4063,  and  the  value  1  in  that  of  the  line  4068-05. 
Other  features  of  the  lines  are  shown  by  the  manner  in  which 
the  upper  part  of  each  of  these  symbols  is  drawn.  Benea^ 
the  spectrum  linea  the  scale  is  repeated,  and  the  position  of  the 
oxygen  hues  indicated.  In  addition  to  the  lines  already  men- 
tioned as  being  in  Angstrom's  chart,  lines  of  the  following 
elements  appear  in  this  space,  viz:  Fe  4063,  Pb  4066,  Sr 
4078,  Bi  4080.  The  correspondence  between  these  values  and 
the  wave  lengths  of  the  lines  in  the  photographic  spectrum  is 
as  close  as  could  be  expected,  seeing  that  the  authorities  do 
not  give  fractions  of  wave  lengths.  The  Te  line  is  represented 
in  the  spectrum  by  the  Mn  Fe  line  4063.  The  Pb  line  by 
the  spectrum  line  4066-7.  The  Sr  line  by  the  line  4077-8,  and 
the  Bi  line  by  the  line  4079-8. 

InapectioD  of  the  diagram  also  shows  that  while  the  Mn  Fe 
4063  lines  are  coincident  in  both  charts,  the  Fe  line  4071 
of  AngstPdm  reads  4071-25  in  the  photographic  chart,  and  the 
unassigned  line  4076-25  of  Angstrom  reads  about  4076-20,  in 
my  chart  the  two  lines  being  nearly  coincident.  In  the  photo- 
graphic chart  the  relations  of  the  hnes  to  each  other  as  r^ardfl 
position  are  accuratelv  presented,  and  where  these  differences 
occur  the  positions  given  in  the  photographic  chart  must  be 
correct  The  total  number  of  lines  in  the  two  charts  is  also 
worthy  of  notice.  In  the  eighteen  wave  lengths  represented 
in  the  diagram,  Angstrom  gives  six  lines,  while  the  photo- 
graphic chart  gives  twenty-four.  Of  Angstrom's  lines  five  are 
assigned  to  different  metala,  if  we  give  the  line  4066'25  to  Pb, 
and  one  is  unassigned.  In  the  photographic  chart  these  lines 
also  appear,  and  in  addition  the  lines  oi  Bi  and  Sr,  together 
with  the  three  oxygen  lines.  Out  of  the  twenty-four  lines  ten 
are  assigned  to  various  elements,  leaving  fourteen  to  be  ac- 
counted for;  and  many  of  these  are  moderately  strong  lines. 
The  oxygen  lines  represented  in  the  diagram  are  among  the 
strongest  in  the  electric  spectrum  of  oxygen,  yet  the  equiva- 
lent lines  in  the  solar  spectrum  are  faint  when  compared  with 
the  lines  of  Ca  and  Fe.  This  would  seem  to  indicate  a  low 
absorbing  power  in  the  gaseous  non-metallic  elements,  as  com- 
pared with  the  same  power  in  the  case  of  metals  in  the  vapor- 
ous state  The  existence  of  a  difference  like  this  would  ex- 
plain why  it  is,  that  many  of  the  lines  in  the  solar  spectrum 
which  represent  oxygen  have  been  overlooked.  Some  of  these 
lines  have,  however,  been  observed,  Angstrom  himself  giving 
in  his  chart  a  number  of  lines,  not  assigned  by  him  aor  any 
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one  else  to  other  elements,  which  are  very  nearly  coincident 
with  the  oxygen  lines,  as  determined  by  the  photographic 
method,  as  will  be  seen  in  the  table  at  the  close  of  this  article. 
As  it  is  not  possible,  in  the  space  to  which  we  are  limited, 
to  give  diagrams  of  all  the  portions  of  the  solar  spectrum  which 
contain  oxygen  lines,  we  present  in  the  following  table  the 
positions  in  that  spectrum  of  all  the  oxygen  lines  that  were 
obtained  in  the  photographs  of  the  electnc  spark  in  that  gas. 
The  first  column  contains  the  wave  lengths  of  certain  lines  in 
the  chart  made  from  photographs  of  the  solar  spectrum.  The 
second  the  wave  lengths  of  the  lines  of  the  condensed  electric 
spark  in  oxygen.  The  third  PlUcker's  lines  of  oxygen,  which 
are  much  more  numerous  than  those  of  Hu^gins,  which  are 
present^  in  the  fourth  column,  while  the  fifth  column  gives 
the  lines  of  Angstrdm^s  air  spectrum,  which  may  be  credited 
to  oxygen.  The  term  free  in  the  first  column  is  used  to  indi- 
cate the  fact  that  no  element  has  heretofore  been  found  to 
give  a  line  within  two  or  three  tenths  of  a  wave  length  of  that 
position.  It  is  therefore  free  to  be  assigned  as  an  oxygen  line. 
The  chemical  svmbols  on  the  other  lines  show  that  the  element 
indicated  has  been  assigned  to  that  line,  and  shares  it  with 
oxygen.  The  number  of  lines  of  greater  wave  length  than 
8961*60,  which  are  free  from  other  elements,  and  which  are 
assignable  to  oxygen,  is  good  evidence  of  its  presence  in  the 
solar  envelope& 
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electric  tptrk 

lineeot 
oxygen. 

linetof 
oxygen. 

LInetofiptrk 

In  tir 
tUilbnted  to 

with  their  eondittoii. 

In  oxygen. 

oxygen. 

3864-50*  free. 

3864-751 

3882-30*    " 

3882-30* 

3907-90*    " 

8908001 

3912-25*    " 

8912-35> 

3919-75*    " 

3919*50* 

394510»     " 

394510* 

3964-60*    " 

3954-70' 

8961-00«    " 

3961-60* 

8973*40*    " 

3973-50'® 

3982-751     " 

3982-70* 

8996-50*    " 

8995-50* 

4069-80*    *« 

4069-50W 

406900* 

4069-00' 

4069*50 

407210*    " 

4071-901* 

407200* 

4073*00* 

j  4071*65 

(  4073-65 

4075-60 

4076-50*    " 

4075-45"' 

4084-70«    " 

4084*80* 

4085*00* 

4088-001    «« 

4087*80« 

408600* 

4098-201     *« 

4093*10^ 

4094-00* 

4104-40*    <« 

4104*50* 

4104-00* 

4103-00 

4111-00*    " 

4111*10* 

4118-00^  Fe. 

41 18*201* 

4117*00* 

411700* 

4121-20*    " 

4121-20* 
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Drapko. 

DSAPEB. 

PLeoKiB. 

Hdooms. 

AlTWTBfiH. 

eitcalc  ipuk 

LlBM  otipark 

««isr 

Uiw.cil 

Uamia 

^S^u> 

wltlllb>IrI<>D<UUoA 

oireaii. 

4133-00>  ereo. 

413290' 

4126-00* 

mi-W   Pft 

4142-90' 

4136-00* 

4l4S'30'free. 

414fi'60' 

4UT0O' 

4149-00' 

4161-90'     " 

4163-00" 

4leB'60>     " 

41B5'7B* 

4168  00* 

41SS-00 

*lfl8-20'     8. 

4168-40* 

4171-00' 

118*'90'  (rea. 

4186 -OO' 

4183-00' 

4184-50 

4I89'90'     C. 

419000"' 

410000' 

4-89-60 

4354-30'  free. 

42B4-50> 

43T4'80'CrCa. 

4375-0O' 

4378-1  !)■  Pb. 

4J10-10' 

4303 '00'  free. 

4303-00* 

4318-60'    ■■ 

43ie-60" 

43a0'00'  TiC. 

4319-1&> 

4326-10'«  Pe. 

4326-20' 

4327 -OO' 

4«38-l0'    fli. 

4338-aO' 

4331 -00'  frea, 

4331-20* 

4336-34'  SCt- 

4336  00' 

4334  00' 

434S'1&'  fne. 

4346-20* 

4341 -OO" 

4346-80 

4348-20'     " 

4348-30'" 

1  4347-00'° 

434700 

4347-60 

4363-00'     " 

43B3-10' 

4366-00'  BrCe, 

4365-30' 

4364  00* 

436910*  Crfai. 

4369-30* 

4369-00* 

43H-60>trM. 

«»4-60* 

4113-20'    " 

4413-30" 

4414-00' 

4414-00" 

4414-60 

4jn-as>    " 

444&-00'     " 

441H-00"' 
4446 -Od* 

441800' 
4443  OO' 

4416-00' 

4418-30 

4450-00'    Md. 

44O0  01J' 

44SUO0' 

4403-00'     Ce. 

4463-00^ 

445700* 

4461-30'  Ce? 

4467-aO- 

4468-00'" 

4467-00'" 

4483-80'    Fe. 

4483-76" 

4474-00'" 

4572-10'    Be, 

4672-20' 

4677-75'    Ce, 

4677-561 

4682-10'  FeCo. 

45S210I 

4689-30'  free. 

4589-50'" 

4588-00' 

4690-80 

4695-40'     ■■ 

4596-50"' 

4593  00' 

459600' 

4B9B-90 

4599-SII"(^''- 
4600-15*     ^f- 

4600-00' 

46OO-0O' 

4639-GO'   rra* 

4629-60' 

4639-00'" 

4BiO-S0'     " 

4640-20'" 

4640-00'" 

4S40-00' 

4640-25 

4i;48-15'    Cr. 

4648-16'» 

4649-00" 

4648-00' 

4S61-B0'  free. 

4661-60* 

4662  00' 

4662-00' 

4674-90' CSe? 

4675-00' 

4676-00' 

4671-00' 

4674-75 

4698'65>  froo. 

4698-60'" 

469800' 

4699-00' 

4698-00 

4704-66'    Bb. 

4705-00'° 

4705-00' 

4706-00' 

4706-60 

The  table  presents  what  may  be  called  the  ox^^en  region  of 
the  spectrum,  only  a  few  oxygen  lines  lyinc  outside  of  its  lim- 
ite.  As  tbia  also  happens  to  be  the  region  in  which  our  photo- 
graphic apparatus  and  chemicals  were  most  sensitive,  we  are 
enabled  to  present  measurements  of  the  majority  of  the  lines  of 
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oxygen.  It  will  be  noticed  that  though  the  oxygen  lines  of 
greater  wave  length  than  4704*65  are  wanting,  on  account  of 
their  lack  of  photographic  power,  this  loss  is  partly  made  up 
by  the  extension  of  the  measurements  into  the  ultra-violet 
region,  where  as  vet  no  exact  measurements  of  oxygen  lines 
have  been  made  tnat  I  am  aware  of. 

That  there  should  be  no  error  regarding  the  nature  of  the 
chemical  element  producing  the  lines,  every  precaution  was 
taken  to  have  the  oxygen  as  pure  as  possible.  rhotOjgraphs  of 
the  spark  in  oxygen,  between  points  of  the  purest  platinum  that 
I  could  procure,  were  also  made.  These  were  compared  with 
the  measured  photographs  of  the  spark  between  an  iron  and  a 
platinum  terminal,  and  provision  was  thus  made  for  the  detec- 
lion  of  any  error  that  might  have  arisen  from  impurity  in  the 
iron  used  in  the  terminal.  As  these  photographs  of  the  spark 
between  platinum  terminals  in  pure  oxygen  presented  all  the 
lines  given  in  the  table  these  lines  may  be  regarded  as  true 
oxygen  lines.  In  addition  to  the  oxygen  lines  given,  the  fol- 
lowing feeble  lines  were  observed,  regarding  the  nature  of  which 
I  was  not  quite  satisfied,  as  they  did  not  pass  entirely  across  the 
spectrum,  viz.,  4490-80— 4505-80— 4525-60— 4548-75.  In  the 
space  extending  from  4254*80  to  484515,  many  of  the  oxygen 
lines  are  assigned  to  wave  lengths  occupied  by  other  elements ; 
for  example,  Cr,  Ca,  Sb,  Ti,  C,  Bi.  As  other  lines  of  these  ele- 
ments diet  not  present  themselves  in  the  measured  photographs, 
and  as  the  lines  in  question  were  also  found  in  the  photographs 
of  the  spark  between  platinum  terminals  they  are  to  be  regarded 
as  true  oxygen  lines,  although  they  are  not  given  by  other 
authorities.  In  some  of  the  instances  in  which  elements  in 
addition  to  oxygen  are  assigned  to  a  weak  line  in  the  solar 
spectrum,  it  is  very  possible  that  such  assignments  are  in  error, 
because  of  a  lack  of  fractions  in  the  determinations  of  the  wave 
lengths  of  these  additional  elements.  Apparent  discrepancies 
regarding  wave  lengths  in  my  determinations,  and  those  of  the 
other  authorities,  are  sometimes  explained  by  the  fact  that  a 
line  which  is  recorded  as  single  in  one  case,  is  given  as  two  lines 
in  the  other.  It  is  also  wortny  of  remark  that  in  almost  every 
instance  in  which  a  line  is  presented  by  one  authority  and 
omitted  by  the  others,  it  is  to  be  found  in  the  column  containing 
the  photographic  determinations,  and  is  an  evidence  of  the  supe- 
riority of  this  method  of  recording  the  existence  and  positions 
of  spectrum  lines  throughout  the  region  over  which  it  can  act. 

Examination  of  the  table  shows  that  the  differences  between 
the  wave  lengths  obtained  for  the  lines  of  the  electric  spectrum 
in  oxygen,  and  the  lines  of  the  solar  spectrum  are  very  small. 
Out  of  the  sixty-five  lines  of  the  solar  spectrum  whicn  are  as 
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S  Solar  Spectrum. 


we  have  seen  assigoable  to  oxygen,  in  Beventeen  the  coinci- 
dences are  absolute;  in  four  tne  difference  ia  only  Eve  one- 
hundredths  of  a  wave  length ;  in  twenty-two,  ten  one-hundredtha 
of  a  wave  length ;  in  four,  fifteen  one- hundredths  of  a  wave 
length  ;  in  eleven,  twenty-one  one-hundredths  of  a  wave  length, 
ana  in  the  remainder  thegreateat  difference  ia  only  thirty-five  one- 
hundredths  of  a  wave  length,  or  about  that  which  Angetrom 
has  made  in  different  measurements  of  the  same  line  in  the 
aolar  apectruni. 

The  small  figure  attached  as  a  power  to  each  wave  length  of 
the  electric  and  solar  spectra  in  the  table,  is  a  proximate  ex- 
pression of  the  photographic  strength  of  that  particular  line  in 
each  spectrum,  and  an  examination  of  these  upholds  the  state- 
ment made  in  a  preceding  paragraph  that  tne  oxygen  lines 
of  the  solar  spectrum  are  very  weak  when  no  other  element 
furnishes  a  line  which  falls  on  the  same  wave  length.  Of  course 
photographic  must  not  be  compared  with  visual  intensities,  for 
as  the  one  diminishes  in  the  less  refrangible  regions  of  the 
prismatic  spectrum  the  other  increases.  An  example  of  coinci- 
aence  in  the  lines  of  different  elements,  and  consequent  incre- 
ment in  strength,  occurs  in  the  line  4118,  and  probably  in  the 
line  4303  also,  though  it  is  supposed  to  be  I'rea 

In  conclusion,  I  give  a  list  of  certain  lines  in  Angstrom's 
chart  which  have  not  as  yet  been  aasigned  to  any  element, 
together  with  the  wave  lengths  of  the  same  lines  in  my  solar 
and  eleetrii;  spectra.  From  this  table  it  will  be  peen  that 
Angstrom  himself  observed  a  number  nf  lines,  tht'  n^Iations  of 
which  to  elementarj-  bodies  no  one  has  as  yet  demonstrated, 
and  which  I  believe  represent  the  oxygen  in  the  solar  e 


Table  of  free  lines 


in  Anffsrrom's  lolar  itpectriti 
attributed  to  oxygen. 


■  which  may  be 


Draper's  solar 

AjigsCrom'B  eoUr 

epectrum  of  oxygen. 

BpectnuD. 

gpeotrum. 

4132-90* 

413300' 

4133-20' 

4155-76* 

4155-60' 

4165-80' 

4264  60' 

4254-30' 

4254-55' 

4303-00' 

4303'00' 

4303-00' 

4:l]6-50» 

4316-60' 

4316-50' 

4348-30"' 

4348-20' 

4347-96' 

4394-50' 

4394-50' 

4394-46' 

4596-60"i 

4595-40> 

4596-20' 

4e4H'15'« 

4648-16' 

4648-76' 

4661-50' 

4661-50' 

4661-70' 

The  subjects  presented  in  this  communication  may  be  briefly 
summed  up  as  follows : 
1.  The  resort  to  the  process  of  reflection  in  producing  and 
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pbotographing  solar  spectra,  and  thereby  avoiding  certain  errors, 
and  the  employment  of  the  silvered  surface  itself  of  a  glass 
grating. 

2.  The  extension  of  the  measurement  of  oxygen  lines  into 
the  ultra-violet  region. 

8.  The  measurement  in  the  region  of  less  refrangibility  than 
H,  of  lines  of  oxygen  not  heretofore  recorded,  and  the  use  of 
projection  as  a  method  of  measurement. 

4.  The  establishment  of  a  close  relationship  in  position 
between  certain  lines  in  the  solar  spectrum  and  the  lines  of 
oxygen ;  the  slight  differences  that  exist  being  assignable  to  the 
experimental  difficulties  in  the  way  of  making  accurate  meas- 
ures of  the  oxygen  lines,  and  falling  within  the  limits  of  error 
of  experiment 

5.  The  evolution  of  the  fact  that  the  lines  of  the  solar  spec- 
trum which  appear  to  correspond  to  the  lines  of  oxygen  are 
weak,  or  faint,  and  show  that  that  gas  possesses  a  feeble  absorb- 
ent_power  when  compared  with  metallic  vapors  or  gases  like 
H,  Fe,  Ca. 

6.  The  demonstration  that  in  Angstrom's  chart  there  are  many 
lines  not  assignable  to  any  elementary  body,  and  that  these 
lines  occupy  very  closely  the  positions  of  certain  oxygen  lines. 

7.  The  suggestion  that  the  proof  of  the  presence  in  the  solar 
envelopes  of  oxygen,  and  other  substances  giving  faint  lines, 
is  a  problem  not  to  be  solved  by  the  comparison  of  two  spectra 
of  small  dispersion.  The  solar  spectrum  in  certain  parts  is  so 
crowded  with  lines  presenting  all  kinds  of  details,  that  the  only 
satisfactory  way  is  to  make  measures  of  the  positions  of  these 
lines  on  a  large  scale,  and  as  truly  as  possible,  and  then  com- 
pare with  these  the  most  accurate  measures  of  oxygen  lines  that 
can  be  made. 


Art.  XXIX. — Correction  for  Vacuum  in  Chemical  Analysis; 

by  G.  F.  Becker. 

Turner,  in  his  atomic  weight  determinations  (1829)  was,  so 
far  as  my  information  goes,  the  first  to  correct  the  apparent 
weight  of  solid  bodies  in  chemical  analysis  for  the  air  displaced. 
Berzelius  at  first  accepted  this  correction  but  afterward  rejected 
it  as  insignificant.  Erdmann  and  Marchand  adopted  the  some- 
what illogical  practice  of  reducing  the  body  weighed  to  vacuum 
while  neglecting  the  correction  for  the  weights.  Nor  has  the 
practice  of  living  chemists  in  accurate  investigations  been  less 
contradictory.     Some  of  them  have  entirely  ignored  the  buoy- 
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ancy  of  the  atraoaphere  while  others  have  laid  the  greatest 
etresB  upon  it 

Consintency  among  chemists  in  the  treatment  of  tbis  source 
of  error  is  certainly  desirable.  The  subject  is  a  simple  one  and 
the  cases  in  which  the  correction  is  of  importance  are  so  readily 
distingaished  from  tfaofie  in  which  it  is  insignificant  as  to  repay 
the  small  amount  of  thought  net^essary  to  discriminate  them. 

If  M  =  the  apparent  weight  of  a  body  j 
M^^  the  true  weight; 
y  =  its  specific  gravity ; 
d  ^  the  specific  gravity  of  the  weights,  and 
c  =:  the  weight  of  one  cubic  centimeter  of  air 

If  the  necessary  correction  is  x 
and  if  the  apparent  weight  is  one  gram, 


then        ^^^ 


If  c  and  d  are  regarded  as  constants,  this  equation  represents 
an  hyjjerbola  referred  to  axes  parallel  to  its  asymptoles. 

It  will  readily  be  seen  that  the  form  of  the  curve  is  indepen- 
dent of  d,  or  the  material  of  which  the  weights  are  made,  this 

constant  simply  determining  ihe  position  of  the  axis  of  ji,  for 

\y  =  d 

The  curve  is  plotted  (figure,  page  269,)  for  (/  =  21-6,  the 
specific  gravity  of  platinum,  and  c  =  O'OUlZSoTSl,  the  weight 
of  one  cubic  centimeter  of  dry  air  with  the  normal  carbonic  acid 
contents,  at  45°  of  latitude,  the  normal  pressure,  and  a  temper- 
ature of  15°.  The  abscissffi  in  tlie  diagram  represent  the  cor- 
rection for  atmospheric  displacement  necessary  per  gram  in 
tenths  of  milligrams.  The  ordinates  i-epresent  the  correspond- 
ing specific  gravities.  A  glance  shows  that  for  high  specific 
gravities  the  correction  is  small  and  changes  but  slowly,  while 
for  specific  gravities  but  little  in  excess  of  1,  the  correction 
is  comparatively  large  and  increases  with  great  rapidity  as  the 
specific  gravity  sinks.  This  is  expressed  algebraically  by  the 
formula 

dx~       c' 
which  indicates  that  the  error  decreases  in  proportion  to  the 
increase  of  the  square  of  the  specific  gravity,  or  thai  the  inter- 
vals through  which  the  specific  gravity  may  be  regarded  as 
constant  decrease  as  the  square  of  the  specific  gravity  decreases. 
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Ordinates  have  been  drawn  to  the  curve  at  eqaal  intervals 
corresponding,  for  reasons  which  will  presently  appear,  to 
O'OOOOBe?  grams,  or  two-thirds  of  one-tenth  of  a  milligram. 
The  abscissa  of  each  of  these  ordinates  represents  the  mean 
correction  necessary  between  certain  limits  of  specific  gravity. 
These  limits  are  indicated  by  the  points  on  the  axis  of  y  cut  by 
lines  parallel  to  the  axis  of  x  and  passing  the  ends  of  the  arcs 
the  mean  abscissa  of*  which  is  cut  by  the  ordinates.  Thus  a 
correction  of  two-thirds  of  one-tenth  of  a  milligram  per  gram 
corresponds  to  all  the  specific  gravities  between  7'8  and  18*6. 
The  maximum  error  in  this  correction  will  plainly  be  only  one- 
thirtieth  milligram.  The  figure  might  evidently  be  employed 
to  form  a  table  of  corrections  for  vacuum  for  platinum  weights ; 
but  while  the  principle  is  more  readily  apprehended  geometri- 
cally, calculation  possesses  the  advantage  in  accuracy.  An 
entirely  similar  figure  might  be  drawn  representing  the  correc- 
tion for  weights  of  brass  or  any  other  substance.  The  curve 
would  be  identical,  but  the  axis  of  y  would  cross  the  curve  at 
y  =  dj  for  brass  y  =  8*5. 

The  attempt  is  rarely  made,  as  is  well  known,  to  push  the 
accuracy  of  chemical  analysis  even  in  the  most  refinea  investi- 
gations beyond  one-hundredth  of  one  per  cent  or  one-tenth  of 
a  milligram  per  gram.  If  the  error  made  in  correcting  the 
weighing  for  the  displacement  of  air  is  kept  within  this  limit, 
the  requirements  of  the  case  will  therefore  oe  fully  met  Sub- 
stances the  specific  gravity  of  which  approximates  within  cer- 
tain limits  to  that  of  the  metal  of  whicn  the  weights  are  made, 
consequently  need  no  correction.  As  may  be  seen  from  the 
figure,  if  platinum  weights  are  employed,  no  substance  the 
specific  gravity  of  which  exceeds  7*8  requires  correction,  if 
one-tenth  of  a  milligram  be  regarded  as  an  insignificant  error. 
For  brass  weights  the  error  is  less  than  one-tenth  milligram  for 
all  known  specific  gravities  above  5*02. 

Bodies  are  usually  weighed  with  both  platinum  and  brass,  the 
integral  gram  weights  being  made  of  the  latter  metal  and  the 
fractions  of  the  former ;  corrections  must  therefore  commonly 
be  made  for  each.  As  the  absolute  error  in  neglecting  the  cor- 
rection for  small  fractions  of  a  gram  is  very  slight,  while  it  is 
as  much  trouble  to  ascertain  the  correction  for  a  milligram  as 
for  ten  ^rams,  it  is  convenient  to  omit  small  quantities  from 
calculation.  Three  errors  in  the  correction  for  vacuum  have, 
then,  to  be  taken  into  account,  viz.,  that  incurred  by  want  of 
absolute  accuracy  in  correcting  for  the  whole  grams  weighed 
with  brass  weights;  a  second  similarly  incurred  in  weighing 
parts  of  a  gram  with  platinum  weights,  and  the  error  caused  by 
Delecting  the  correction  for  small  fractions  of  a  gram.  The^ 
sum  of  these  errors  must  not  exceed  one-tenth  of  a  milligram. 
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a  condition  which  will  be  fulfilled  if  none  of  the  three  is  over 
one-thinieth  milligram. 

The  following  tables  answer  these  conditions,  for  all  specific 
gravities  above  1,  in  the  fewest  possible  numbers, 

Vaemrm  Cormaion. 


(WeiBbla  ot  bniM)  for 

(WeightH  of  platinum)  (or 

epwiflc  griTity  between 

Error  <^  Mg. 

21-738  ftnd  11-064 

-O-OOO  067  gram. 

^L 

11-064             6-904 

0-000  000 

61'T66uidl3-5W^B 

e'S04             6-D19 

■l-OOOO  087 

13-668             7-S0f,'^H 

B-019             3M3 

0-000  133 

7-807             6-4«j^^H 

3-M3             3-241 

0-000  200 

6-480           4'3al'^H 

3-341        a-7sa 

0-000  267 

4-322             3-43)  ^H 

3-169             3-399 

0-000  333 

3-133             3-89a  ^H 

2390         a-i2a 

0-000  400 

2-893         a-doo-^H 

3-iaa         1-90S 

0-000  467 

3'SOO             2-301  ^H 

1-903             1-724 

0-000  633 

3-30]              1-986  ^H 

1-7S4           1-B76 

0-000  600 

1-966             1'17S  ^H 

l'G76             1-4G2 

0-000  667 

1-776            1-619  ^H 

1-452            1-377 

0-000  733 

1-61B            1-488  ^H 

1-377            l-aft4 

0-000  SOO 

■       1-4B8            1-311 '^H 

1-264            1-174 

0-000  867 

1-377            1-3SL^H 

1-174             1103 

0-000  933 

1-2B1            1-1S1  ^H 

1-103            1-041 

0-001  OOO 

1-197            1-1S4^H 

1041            0-886 

0-001  067 

1124             1-066  ^"^H 

0-001  133 

1069             1-003 

0-001    BOO 

1003            0-9SO 

The  fraction  which  may  be  neglected  without  an  error  of 
more  than  one-thirtieth  milligram  will  of  course  vary  with  the 
specific  gravity  and  will  in  any  case  be 


X  being  the  correction.  Unifonn  rules,  however,  are  desirable 
in  the  application  of  such  corrections  as  the  one  under  discus- 
sion. It  is  therefore  sufficient  to  state,  that  for  specific  gravities 
above  1.  no  quantity  less  than  twenty-five  milhgrams  needs 
correction,  while  for  specific  gravities  above  3  nothing  less 
than  one  decigram  requires  to  be  corrected  or,  in  other  words, 
only  the  firat  decimal  place. 

In  discussing  analyses  recorded  in  the  literature  of  chemistry 
it  is,  in  a  majority  of  cases,  impossible  to  discover  with  certainty 
whether  the  gram  weights  were  of  platinum  or  brass;  thougln 
the  latter  is  the  rule  and  an  exception  to  it  is  apt  to  be  stated. 
The  difference  between  the  corrections  per  gram  Ibr  brass  and 
platinum  weigbts  is 


21-5 


=  0-0000872  gram, 
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aod  should  it  be  erroDeously  supposed  that  the  gram  weights 
used  were  of  brass,  the  total  error  id  the  correction  would  lie 
between 

—  0-000012  and 

-(•  O'OOOIBT  with  a  mean  value  of 
-i-  0-000087. 
Aluminium  is  sometimes  employed  for  weights,  but,  so  far 
as  I  know,  only  for  the  smaller  fractions  of  a  gram.     The  use 
of  aluminium  for  milligram  weights  would  diminish  the  error 
arising  from  the  neglect  of  the  correctiou  for  small  fractions. 

The  iuflueDce  of  changes  of 
temperatare  on  the  correction      Oorradumof  &e  might  of  a  grma  for 
r        '  i-L  vaeuttm^     i Platinum  tBaahtB\ 

for  vacuum  is  readily  ascer- 
tained. If  we  call  the  variation 
caused  by  temperature  from 
the  correction  as  calculated  for 
15°,  Xi ;  then 

a!,=C'„{(X0-00366)  [-- j) 
Cg  being  the  weight  of  one 
cubic  centimeter  air  at  0°,  and 
I  the  variation  of  the  tempera- 
ture from  15°.  The  value  a^ 
will  be  at  a  maximum  for  spe- 
cific gravities  above  1  when 
y=  1  and  £i  =  2l-5.  Accurate 
investigations  arescarcely  like- 
ly to  Iw  undertaken  below  5° 
or  above  2D°.  But  for  t  =  10, 
xi  is  less  than  one-twentieth 
milligram  per  gram. 

A  variatioD  of  an  inch  in 
the  height  of  the  barometer 
would  affect  the  correction  still 
leas,  and  the  effects  of  ordinary  elevations  and  of  latitude  or  the 
density  of  the  atmosphere  are  evidently  too  minute  to  be  taken 
into  consideration  in  the  present  state  of  chemical  apparatus. 

In  conclusion,  attention  may  be  drawn  to  the  fact,  which 
appears  very  plainly  in  the  table,  that  for  the  purposes  of  the 
reduction  oi  weighings  to  vacuum,  no  very  accurate  determin- 
ation of  the  specific  gravity  is  necessary. 

Beikeler,  California  tUj,  1878. 


Art.  SXX. — On  the  composition  of  (he  new  Meteoric  Mineral' 

JJaubreeh'le  and   its  frequent,   if  not    universal,    occurrence  in 
Mttfioric  Irons;  by  J.  LAWRENCE  Smitb,  Louisville,  Ky. 

When  I  first  announced  the  discovery  of  tbe  mineral  dau- 
brtSelite,*  the  amount  at  my  disposal  was  only  sufficient  for  t!ie 
determination  of  its  specific  characterietica  Since  then  I  have 
made  numerous  sectiong  of  tbe  first  iron,  wbicii  weighed  about 
250  kilograms,  and  also  sections  of  another  iron  of  200  kilograms 
from  tbe  same  locality  (Cohahuila),  and  in  this  last  have  found 
the  nodules  even  more  abundant  than  in  tbe  first  Of  tbe 
second  iron,  I  have  a  section  with  two  polished  surfaces  of 
about  900  square  centimetera  each,  which  show  twenty-five  to 
thirty  nodules,  varyinjii  from  three  to  sixteen  millimeters  in 
diameter,  at  least  ten  of  which  are  from  one  to  one  and  a  half 
centimeters  in  diameter,  and  all  of  them  exhibit  to  the  eye 
daubrdelite  in  angular  segregations. 

The  mineral  used  for  my  first  analysis  I  obtained  by  break- 
ing it  out  from  the  nodules  mixed  with  troiliie  and  other 
impurities,  depending  on  the  eye  to  separate  the  impurities. 
Since  then,  I  have  found  that  chlorhydric  or  fluohydric  acid 
'  will  attack  the  troilite  readily  and  not  act  on  the  daubr^lite, 
and  thus  a  method  has  been  adopted  by  which  the  mineral  is 
obtained  more  abundantly  and  quite  pure.  The  shavings  and 
cuttings  procured  in  making  the  sections  were  used  (several 
kilograms  of  which  were  at  my  command) ;  the  fragments  of 
iron  were  separated  by  a  large  magnet,  and  the  small  particles 
left  behind  consisted  essentially  of  troilite  and  daubriSelite ;  for 
the  former  is  only  feebly  magnetic  and  the  latter  not  at  all  so. 
Strong  chlorhydric  acid  is  next  added  to  this  last  portion  and 
gently  warmed  over  a  water  bath;  the  troilite  is  readily  at- 
tacked; after  a  time  the  first  acid  is  poured  off,  and  a  fresh 
portion  added,  and  the  digestion  continued  over  a  water  bath 
from  one  to  three  hours;  the  residue  contains  a  good  deal  of 
light  black  matter  that  is  easily  washed  away  (this  last  has  not 
yet  been  thoroughly  examined,  but  much  of  it  is  impalpable 
daubr6elite) ;  the  larger  black  particles  are  again  treated  with  a 
little  chlorhydric  acid,  after  which  the  daubr^elite  is  left  quite 
pure  and  is  easily  wasiied,  and  any  foreign  particles  are  readily 
picked  out. 

In  this  form  it  consists,  as  already  described,  of  shining  black 

fragments  more  or  less  scalv  in  structure,  not  altogether  unlike 

fine  particles  of  molybdenite.     The  fracture  is  uneven,  except 

in  -one  direction  where  there  appears  to  be  a  cleavage.     It  is 

*  This  Joumsl,  III,  lii,  109,  August,  I87(i. 
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brittle  and  easily  pulverized,  the  fine  particles  retaining  their 
brilliancy.  It  is  not  magnetic.  Before  the  blowpipe  it  under- 
goes but  little  alteration,  losing  its  luster,  but  not  fusing,  and 
after  heating  in  the  reducing  flame  it  is  slightly  magnetic. 
With  borax  it  fuses  slowly,  the  smaller  particles  giving  an  in- 
tense green  color  to  the  bead  when  cold.  It  is  not  acted  upon 
in  the  slightest  degree  by  chlorhydric  acid,  either  cold  or  not, 
but  dissolves  slowly  and  completely  in  nitric  acid  when  heated 
over  a  water  bath,  without,  however,  any  liberation  of  free 
sulphur. 

Its  specific  gravity  is  5*01.  It  is  needles  to  give  the  details 
of  the  method  of  analyses.  I  will  only  remark  that  when  a 
mixture  of  hydrated  oxides  of  chromium  and  iron  are  separated 
by  the  addition  of  bromine  to  an  alkaline  solution  holding  the 
oxides  in  suspension,  the  operation  must  be  repeated  two  or 
three  times  to  insure  complete  conversion  of  all  the  chromium 
oxide  into  chromic  acid,  and  consequently  to  separate  it  totally 
from  the  iron. 

The  following  is  an  average  of  three  analyses  giving  concor- 
dant results  within  one  half  per  cent  of  each  constituent : 

Sulphur 42-69 

Chromium ..36 '91 

Iron 20*10 

98'70 

A  minute  quantity,  of  what  appeared  to  be  carbonaceous 
matter,  was  mixed  with  the  residual  traces  of  oxides  found  in 
the  mother-water.  It  is  very  evident  from  the  above  propor- 
tions that  this  mineral  is  a  sulphide  corresponding  in  atomic 
constitution  to  the  well-known  oxide,  chromite  (FeO+OrO'), 
daubr^elite  being  FeS-f  €/rS*,  sulphur  replacing  the  oxygen  ; 
the  calculated  percentage  is  : 

Calculated.  Found. 

Sulphur 44-29  48-26 

Chromium 36-38  36-38 

Iron 19-38  20-36 


100-00  100-00 

Calculated.  Found. 

Sesquisulphide  of  chromium...  69-55  68*00 

Sulphide  of  iron 30-45  29-75 

The  calculation  of  the  daubr6elite  is  based  upon  the  sulphur 
found  in  the  analyses  (48*26).  As  yet  we  do  not  know  of  any 
terrestrial  mineral  corresponding  to  this,  and  it  is  an  interest- 
ing fact  that  we  are  already  enabled  to  establish  so  clearly  its 
true  composition,  and  also  to  obtain  good  characteristic  speci- 
mens that  will  find  their  way  into  the  principal  cabinets  of 
meteorites. 
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The  occurrence  of  tbis  mineral  in  so  marked  a  manner  in  tbe 
Butcher  meteoric  irons  of  Cobahuila,  when  it  does  not  show 
itself  in  the  troilite  of  other  meteoric  irons,  induced  me  to  in- 
veetigate  this  matter  earefullj,  as  I  now  had  chemical  methods 
to  aid  mo  Thus  far  I  bave  examined  tbe  troilite  from  only 
three  meteoric  irons,  viz.,  those  from  Toluea,  Mexico;  Sevier, 
Tennessee ;  and  Cranbourne,  Australia.  In  the  first  two  speci- 
mens it  was  found  in  marked  quantities,  about  2'd  grams  of 
troilite  being  employed,  but  in  tbe  case  of  the  Cranbourne, 
where  the  quantity  did  not  amount  to  one  gram,  the  daubr^tite 
was  proportionally  less  tbau  in  the  other  two.  The  Toluea 
troilite  turnished  the  largest  quantity ;  the  residue  from  2800 
grams  of  it,  after  thorough  treatment  with  chlorhydric  acid, 
which  dissolves  nearly  the  whole  of  it,  was  dissolved  in  part  by 
nitric  acid,  and  on  analysis  tbe  solution  was  found  to  contain 
chromium  and  iron  representing  about  sixty  milligrams  of  dau- 
bi'&lite;  the  mineral  obtained  from  these  troilites  was  of  the 
pulverulent  variety.* 

There  is  reason  to  believe  that  further  research  will  show  the 
constant  presence  of  daubr6elite  in  meteorites.  I  am  now 
prosecuting  a  series  of  experiments  on  the  mineral  segregations 
ID  meteoric  irons,  both  those  visible  and  invisible  to  the  naked 
eye  and  those  only  discernible  by  chemical  means,  the  results 
^■ta  which  will  teod  to  a  satisfactory  solution  of  this  hypothesis. 


Akt.  XXXI.- — On  ike  Artificial  Mounds  of  Northeastern  Iowa, 
and  the  evidence  of  the  employment  of  a  Unit  of  Measuretnent  in 
their  rrection  ;  by  W.  J.  McGee. 

With  very  rnre  exceptions,  the  artificial  mounds  of  north- 
eastern Iowa  and  contiguous  parts  of  Wisconsin  and  Minnesota 
may  be  divided  into  four  classes,  viz:  (1)  tumuli;  (2)  conical 
mounds,  similar  to  the  tumuli  in  appearance,  but  smaller,  and 
bearing  no  evidence  of  having  been  used  for  inhumation, 
usually  found  in  rows  or  series,  and  in  such  eases  sometimes 
connected  by  narrow  ridges :  (3)  embankments;  and  (4)  animal 
mounds.  Isolated  mounds  are  sometimes  found,  but  they  occur 
much  more  frequently  in  groups ;  and  where  the  topography  of 
tbe  country  is  favorable,  many  groups  may  be  connected,  form- 
'ng  extensi  ve  systems.  All  four  classes  of  mounds  often  appear 
n  a  group,  and  usually  in  a  system.  When  exceptions  occur, 
t  is  most  frequently  the  tumult  which  are  found  to  be  absent 
Rarely  an  embankment  or  a  collection  of  mounds  is  so  situated 
prindpallf  graphile 
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as  to  lead  to  the  inference  that  it  was  designed — partially,  at 
least — for  defensive  purposes.  True  fortifications,  like  those 
of  Ohio  and  Kentucky,  have  not,  however,  been  discovered. 

Tumuli  are  never,  so  far  as  the  experience  of  the  writer 
extends,  regnlarly  and  methodically  arranged.  A  few  buiial 
mounds  occupy  prominent  spurs  and  bluffs  overlooking  water- 
courses, or  other  natural  elevations.  Such  mounds  usually  con- 
tain the  remains  of  but  one,  or  at  most  a  few,  bodies,  and  seem 
to  have  been  used  only  in  exceptional  cases.  The  ordinary- 
grave  mounds  occur  in  valleys  or  on  plains,  irregularly  disposea, 
and  each  usually  contains  the  remains  of  several  bodies.  Imple- 
ments, arms,  etc.,  are  not  always  found  associated  with  the  human 
remains  in  the  tumuli  In  an  extensive  collection  of  burial 
mounds  opposite  Clayton,  Iowa,  arrow-heads  and  spear-points 
are  often  found  in  such  positions  as  to  indicate  that  they  were 
buried  within  the  bodies.  A  cranium  from  the  same  locality 
has  a  horizontal  indented  fracture  about  two  inches  above  and 
parallel  with  the  supraciliary  ridges,  corresponding  in  shape  to 
the  edge  of  a  stone  axe.  Here,  as  in  other  parts  of  the  United 
States,  one  of  the  strata  of  the  material  forming  the  tumulus 
consists  of  a  hard  light-colored  earth,  so  indurated  as  to  almost 
if  not  quite  prevent  the  percolation  of  water  or  the  permeation 
of  air.  No  earth  of  a  like  nature  can  be  found  in  the  vicinity 
of  the  mounds.  Hence  it  must  have  been  either  transported  a 
long  distance,  or  artificially  prepared ;  and  the  occurrence  of  a 
like  stratum  in  the  mounds  oi  widely  separated  localities  in 
which  there  is  the  greatest  diversity  in  the  superficial  geological 
formations  (the  stratum  being  in  all  cases  of  diff'erent  material 
from  any  of  the  natural  formations),  would  seem  to  indicate 
that  the  latter  supposition  may  be  correct  The  preservation 
of  organic  remains  within  some  of  the  mounds  is  due  to  the 
impermeable  nature  of  this  stratum.  Where  it  is  not  found, 
all  organic  matter  has  been  completely  decomposed. 

The  smaller  conical  mounds  (which  are,  properly  speaking, 
spherical  segments)  never  exhibit  a  stratified  structure,  nor  do 
toey  contain  relics  of  any  kind.  In  height  they  vary  from 
one  to  three  feet,  and  in  diameter  from  fifteen  to  forty  feet. 
They  are  rarely — perhaps  never — isolated,  usually  occurring  in 
straight  or  slightly  sinuous  lines.  The  object  in  erecting  them 
is  not  obvious.  Interest  attaches  to  them  only  from  the  fact 
that  they  are  undoubtedly  separated  by  measured  distances. 

The  embankments  are  straight,  about  equal  in  width  and 
height  to  the  small  conical  mounds,  and  their  length  is  ordina- 
rily from  one  hundred  to  three  hundred  feet,  though  they  are 
sometimes  much  longer.  Their  dimensions,  some  oi  which  are 
^ven  below,  are  as  constant,  however,  as  the  distances  separat- 
ing the  conical  mounds.     Except  in  the  very  rare  instances  in 
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which  tbey  may  have  been  designed  partly  oa  fortifications,  it 
does  not  readily  appear  that  they  subaerved  any  practical  use. 
This  has  led  many  archaaologipts  to  infer  that  they  were  con- 
nected with  Buperstitioua  observancea :  but  it  has  occurred  to 
the  writer — aoa  the  weight  attaching  to  the  view  may  be  esti- 
niatcd  from  a  comparieon  of  the  dimensions  given  below — that 
their  purpose  was  to  record  the  discovery  of  a  linear  unit,  and, 
in  the  abnence  of  a  written  language,  to  perpetuate  a  system  of 
measurement. 


The  animal  mounds  are  quite  similar  to  those  of  other  local- 
ities, and  are  almost  always  associated  with  the  last  two  classes 
of  mounds.  Tii  the  accompanying  figure,  three  animal  mounds 
and  three  embankments  are  represented  in  theirproper  relative 
sizes  and  posiiions.  Though  the  variations  in  the  arrangement 
of  different  groups  are  so  general  that  this  cannot  be  called  a 
typical  group,  it  may  be  taken,  nevertheless,  as  representative 
of  those  commonly  observed.  The  animal  mounds  are  fair 
specimens  of  their  class.  All  are  so  dispo,sed  around  tlie  head 
of  a  ravine  as  to  admit  of  the  idea  that  they  may  have  been 
partiidly  designed  tj)  protect  an  encampment  or  domicile.  A 
mile  to  the  westward,  on  the  same  natural  elevation,  is  a  single 
animal  mound  of  lai^e  dimensions;  and  two  miles  to  tlie  east- 
ward, at  the  termination  of  the  siime  ridge,  are  two  embank- 
ments, each  forty  yards  in  length. 
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The  last  three  classes  of  mounds  are  commonly  found  on 
ridges  separating  water-courses,  though  they  sometimes  occur 
on  **  bencnes "  and  "bottoms."  Few  of  the  prominent  ridges 
on  either  shore  of  the  Mississippi  from  Dubuque  to  the  Minne- 
sota line  are  free  from  them.  Excavations  from  which  the 
earth  forming  any  of  the  mounds  may  have  been  taken,  have 
never  been  found  in  this  region,  so  far  as  known  to  the  writer. 
Mounds  sometimes  appear  on  rocky  spurs,  whither  it  would 
seem  their  constituent  materials  must  have  been  transported 
from  considerable  distances. 

Having  had  occasion  to  survey  many  groups  and  systems  of 
mounds,  recording  all  measurements  for  the  purpose  oi  plotting 
the  works,  the  writer  has  been  struck  by  the  constancy  of  certain 
dimensions  and  the  harmony  observable  in  all,  whatever  the 
variation,  indicating  to  a  certainty  the  use  of  a  unit  of  linear 
measurement  in  their  erection — a  peculiarity  which  seems  to 
have  been  hitherto  overlooked,  so  far  as  the  mounds  of  the 
Northwest  are  concerned.  The  use  of  such  a  unit  being  cer- 
tain, it  is  possible,  if  not  probable,  that  the  considemtion  of  the 
results  of  many  measurements  of  mounds  may  enable  us  to 
determine  the  value  of  the  unit.  The  most  serious  difficulty 
in  the  way  of  such  a  determination  lies  in  the  fact  that  it  is 
almost  impossible  to  ascertain  the  precise  boundaries  of  the 
embankments  or  the  exact  centers  of  the  conical  mounds — and 
it  is  from  these  points  that  measurements  must  be  made. 

In  order  to  exhibit  the  harmony  in  the  dimensions  of  the 
mounds,  and  to  throw  as  much  light  as  possible  on  the  question 
of  the  value  of  the  Mound-builders*  linear  unit,  a  number  of 
measurements  are  here  given.  Most  of  them  being  made  only 
for  the  purpose  of  plotting  the  works,  they  are  not  strictly 
accurate — i  e.,  in  inches  and  fractions  of  inches — though  prob- 
ably as  satisfactory  as  any  measurements  can  be,  owing  to  the 
impossibility  just  mentioned  of  making  any  measurements  cor- 
respond precisely  with  those  originally  employed.  Distances 
are  given  in  yards,  as  it  is  found  that  firactions  rarely  occur 
when  this  unit  is  used. 

One  of  the  most  extensive  systems  of  mounds  in  northeastern 
Iowa  occupies  the  ridge  or  divide  separating  the  Mississippi 
and  Turkev  Rivers.  The  width  of  the  ridge  nowhere  exceeas 
a  mile,  and  it  is  usually  quite  narrow.  It  rises  from  two  hun- 
dred to  three  hundred  feet  above  the  level  of  the  rivers,  and 
terminates  just  above  their  junction  in  a  perpendicular  ledge 
of  Galena  limestone  one  hundred  and  fifty  feet  high,  twenty  to 
forty  feet  wide,  and  over  a  thousand  feet  long.  The  system  of 
mounds  extends  for  six  miles  in  a  northwesterly  direction  from 
this  point,  and  consists  of  conical  mounds,  embankments,  ani- 
mal mounds,  and  perhaps  tumuli.    Beginning  at  the  end  of  the 
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system  remote  from  the  juuetioa  of  the  rivers,  the  distanceg  | 
separatiDg  the  mounds  and  the  lengths  of  the  embankineats,  ' 
are  as  follows : — 


Conical, SO  yds. 


brtak. 
7S  7<J*. 


Composite  (four  conical  mounde 

connoctod),  36  jarda, 3 

Conical. 1 


Compositi?  (two  conical  mounda 

connected  b;  emb.),  36  fds., 

Bmbankment,  10  jardB, 


Conical, 30 


EmbankmEint,  100  Tarda,. _ 


Bmbtnlnoetit,  8S  jtards, 73  jda. 

«    "      brtak. 

Oonloal, 17  yda. 


A  group  extending  along  a  spur  :■ 
Conical, 23  jAm. 


BmbHukment, 

40  yards...  _ 
40       "      ... 

33       "      W. 

BO       "      ... 

.-     treat 

::  1!^ 

..     20     " 
..      6S     ■' 

^mhaji^ilteui 

«  yards,... 

..      30     " 

MODDdl. 

Conical, 

2SydiL 
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it 


Again  in  main  system : — 

Monndt.  Bpaeet. 

Bmbankment,  50  jardB, 20  yds. 

33      *»     12 

60      »»     16 

44      "     12 

G(micalf 20 

"       30 

"       16 

Embankment,  33  jardfl, 50 

Conical, break. 

23  yds. 

23     " 

"       14     »* 


II 
It 
•I 
II 
II 
It 
It 


If 
ti 


14 
8 


ft 
»i 


Ifonndt. 

Tail  of  animal  (dog?)  mound, 
whole  length,  65  yards, 

"  Alligator  "  mound,  49  yards, 

Composite,  three  conical,  con- 
nected by  two  embaidunents, 
each  37  yards 

Embankment,  33  yards,. 
•»  33 

Conical, 


It 


It 
ti 
It 
It 


SpacM. 

break, 
14  yds. 

36  »» 
break, 
break. 
19  yds. 
19  " 
19  " 
55  " 
44 


II 


Embankment,  50  yards. 

A  group  in  the  western  part  of  Dubuque  county,  Iowa  :- 


Mosndt.  Spaces. 

Embankment,  55  yards, 75  yds. 

"  85      "    12    " 

"  63      "     16    " 

"  60      **    10    " 


II 


40 


II 


12 


II 


IfOQiidt.  Bpacei. 

Embankment,  40  yards, 23  yds. 

"  40      "     26    *♦ 

"  40      "     45     " 

"         325      "     


In  the  group  in  the  figure,  the  measurements,  beginning  at 
the  west  (right),  are : — 

Mounds.  Bpacei. 

Embankment,  40  yards, 18  yards. 

Animal  (body  and  head)  32  yards, 18      "    (to  taU). 

»»  »*  "       30      "      6 

"         "  "      30     "     (from  fore-leg),-  23 

Embankment,  38  yards, 38 

36 


It 
ti 
It 


It 


11 


tt 


On  comparing  the  dimensions  of  the  fifty  mounds  we  find 
one  of  each  of  the  following  lengths,  viz :  36,  88,  49,  55,  58,  60, 
68,  65,  75  and  825  yards  (some  of  these,  too,  are  of  an  anom- 
alous character).  Of  80,  82,  85  and  100  yards  respectively, 
there  are  two  each;  of  87  and  44  yards,  three  each ;  of  88,  86 
and  50  yards,  five  each;  and  of  40  yards  in  length,  eleven 
mounda  In  all  there  are  twenty  diflFerent  dimensions.  Com- 
paring the  spaces  separating  the  mounds,  we  find  that  there  are 
of  5,  8,  10,  16,  26,  81,  82,  85,  86,  88,  45,  65,  78  and  154  yards 
respectively,  one  each ;  of  88,  44,  55  and  75  yards,  two  each ;  of 
14, 19  and  60  yards,  three  each ;  of  28  and  50  yards,  four  each ; 
of  80  and  40  yards,  five  each ;  of  12  and  18  yards,  seven  each ; 
nine  spaces  of  25  yards,  ten  each  of  15  and  28  yards,  thirteen 
of  17,  and  fourteen  of  20  yards.  In  the  one  hundred  and  nine- 
teen spaces,  there  are  but  thirty-two  different  dimensions. 

But  in  many  cases  the  lengths  of  the  mounds  are  equal  to 
the  spaces  between  the  mounds.  Comparing  both  spaces  and 
mounds,  therefore,  we  have  one  hundred  and  sixty-nine  dimen- 
sions of  thirty-eight  difierent  values,  as  follow :  of  5,  8,  10, 16, 
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26,  31,  45,  49,  58,  63,  73,  154  and  325  yards  respectively,  ooe 
each ;  of  36,  38,  65,  85  and  100  yards,  two  each ;  of  14,  19,  32. 

87  and  75  yards,  three  each  ;  of  28  and  60  yards,  four  each  ;  five 
dimensions  of  44  yards  each,  and  six  of  35;  of  12,  18,  80  and 

88  yards,  seven  eacb;  of  25  and  50  yards,  nine  each;  of  15 
and  23  yards,  ten  each  ;  thirteen  dimensions  of  17  yards,  four- 
teen of  20  yards,  and  sixteen  of  40  yards  each.  Obviously  such 
coincidences  could  not  occur  casually.  Though  the  number 
of  raeasurementB  here  recorded  is  too  small  to  base  any  Ear- 
reaching  conclusions  upon,  they  will  afiford  a  safe  foundation 
for  investigations,  as  they  have  been  selected  at  random  from 
many  localities  in  different  counties.  A  comparison  of  a  larger 
numoer  of  meaauremenla  would  only  tend  to  reduce  the  number 
of  values  in  proportion  to  the  dimensions;  though  there  would 
ultimately  remain,  of  course,  a  considerable  number  of  mounds 
unique  in  size  as  well  as  other  characteristics. 

These  diraensiona  seem  to  indicate  that  the  unit  employed 
either  was  simply,  or  had  grown  out  of,  the  pace,  or  yard.  The 
possession  of  such  a  unit  would  not  point  to  a  race  of  very  high 
intellectual  culture,  though  to  one  widely  removed  from  tuc 
lowest  savages. 

The  northern  limitof  the  mounds  of  definite  dimensions  is  not 
certainly  known.  The  writer  has  sought  vainly  for  evidence  of 
the  use  of  measurements  in  the  most  northerly  of  the  tnounds. 
His  own  examinations  so  far  extend  only  to  latitude  43°  30'  N., 
and  tliere  the  mounds  are  of  constant  or  related  dimensions. 
The  most  northerly  of  the  measured  mounds  are  undoubtedly 
within  Minnesota. 

It  we  assume  a  alow  southerly  migration  to  have  taken  place 
in  the  Mound-builders,  it  will  explain  the  evident  increase  in 
geometrical  knowledge  attested  by  the  various  works  found  in 
passing  across  the  United  States  from  north  to  south.  Here  we 
nave  measurements  of  simple  lines,  but  not  of  angles  or  areas. 
In  Ohio,  angles  were  correctly  measured,  as  we  find  from  the 
squares  being  accurate  squares  and  the  circles  perfect  circles;* 
and  areas  were  measured,  as  attested  by  adjoining  squares  and 
circles  being  equal  or  wsvy  nearly  equal  in  area,f  though  there 
is  no  satisfactory  evidence  that  the  cardinal  points  were  then 
known  ]%  and  in  the  lower  Mississippi  region  the  cardinal  points 
were  known. §  The  gradual  motlification  in  the  various  arms 
and  implements,  and  the  striking  improvements  in  pottery, 
together  with  many  other  important  considerations,  Tend  sup- 
port to  this  view. 

Farley,  Iowa.  August  1,  1878. 

•  Squier  and  Davis,  "  Aocietit  Monuments  of  the  MiBaiBsippi  Valley."  pp.  9,  S6. 
f  Ibid.,  plates  XTII  and  XXT ;  also  tbe  whole  chapter  descriptive  of  "  Sacred 
Enclosures."  %  Ibid.,  p.  66.  g  Ibid.,  pp.  116,  117. 
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Art.  XXXII.  —  Observations  upon  the  Solar  Eclipse  of  July  29, 
1878,  by  the  Princeton  Eclipse  Expedition  ;  by  Professor  C.  A, 
Young. 

The  Princeton  expedition  to  the  Kocky  Mountains  to  observe 
the  recent  eclipse,  was  organized  early  in  the  year,  and  its  ex- 
penses were  mainly  provided  for  by  a  liberal  appropriation  made 
lor  the  purpose  by  the  trustees  of  the  estate  of  the  late  John 
C.  Green.  I  have  said,  mainly,  because  we  are  also  greatly 
indebted  to  the  kindness  of  the  managers  of  the  Pennsylvania, 
the  Chicago  and  Alton,  and  Kansas  Pacific  Kailroads,  ^nd  to 
the  American  Express  Company,  for  the  free  transportation  of 
persons  and  instruments,  to  the  authorities  of  the  State  of 
Colorado  for  the  loan  of  camp  equipage,  and  to  the  Western 
Union  Telegraph  Company  for  various  courtesies.  We  are 
also  under  obligations  U>  Mr.  Edison,  to  Rutgers  and  Dartmouth 
Colleges,  and  to  the  observatory  of  Harvard  College  for  the 
gift  or  loan  of  apparatus. 

Our  principal  object  was  to  investigate  the  spectrum  of  the 
corona  and  chromosphere  —  not  only  the  visible,  portion,  but 
also,  and  especially,  the  invisible  portions  below  the  red  and 
above  the  violet  It  was  hoped  that  some  new  lines  might  be 
discovered  in  these  portions  by  the  help  of  the  thermopile, 
photography  or  fluorescence,  but  in  this  respect,  as  will  be 
seen,  our  hopes  were  not  fulfilled.  Indeed  we  were  well  aware 
from  the  outset  that  the  chances  were  considerably  against  us, 
and  that  it  was  quite  likely,  as  it  turned  out,  that  the  corona 
would  sympathize  with  the  present  general  apathy  of  the  solar 
surface  to  an  extent  which  would  make  the  bright  lines  of  the 
corona  spectrum  unusually  faint  and  difficult  of  detection. 

Our  party,  under  the  charge  of  Professor  Brackett  and 
myself,  consisted  of  ten  persons  when  we  left  Princeton  on 
July  1st  We  were  joined  in  Missouri  by  another,  and  after 
we  went  into  camp  at  Denver  by  still  another,  making  up  our 
proper  party  to  twelve  persons.  Mr.  Ranyard  of  the  Eoyal 
Astronomical  Society  was  also  with  us  as  our  guest,  and 
observed  from  our  camp,  and  on  the  day  of  the  eclipse  we 
were  assisted  by  several  volunteers  who  came  out  from  the 
city  for  the  occasion. 

Arriving  in  Denver  on  July  5th,  we  went  into  camp  on  the 
7th  in  a  grove  on  the  bank  of  Cherry  Creek  about  two  and  a 
half  miles  southeast  of  the  city.  Our  position  was  determined 
by  a  triangulation  made  by  Messrs.  Libbey  and  McNeill,  con- 
necting us  with  several  well  determined  points  in  the  city. 

Assuming  for  the  High  School  house  m  Denver,  lat  89°  45' 
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00'6",  long,  l*"  51"  46"2"'  west  of  Washington,  according  to  the 
data  kindly  furnished  by  the  Coast  Survey,  the  position  of  the 
pier  of  our  eauatorial  was,  laL  39^  43'  27",  long,  l*"  51"  40'"4 
west  of  Washington.  Tiie  other  instrunieiUs  were  all  within 
150  feet  of  this.  Our  equipment  was  as  follows:  For  time,  we 
had  a  sidereal  box  ohronometer,  with  electric  break  circuit,  by 
Parkinson  &  Frodsham,  No.  4121 ;  also  a  rneau  time  pocket 
chronometer  by  the  same  makers,  No.  5450.  The  rates  of  both 
were  small  and  very  regular.  Their  errors  were  determined 
every  fair  day  by  altitudes  of  the  sun  measured  with  a  Pistor  k 
Martin's  prismatic  sextant  and  artificial  horizon.  It  was  only 
rarely  that  we  could  get  equal  altitudes  in  morning  and  after- 
noon, as  the  afternoouH  were  usually  cloudy  even  when  the 
mornings  were  fine.  For  ehronogmphs  we  had  two  Morse 
registers  of  the  European  pattern, 

For  the  ordinary  ocular  observations  we  had :  (1)  A  four-inch 
telescope  by  Clark — the  object  glass  of  the  meridian  circle  of 
the  PnnceloQ  Observatory — temporarily  mounted  in  a  rough 
tube  upon  a  very  rude  altitude  and  azimuth  stand.  It  was 
fitted  with  a  Hcracbel  aolar  eyepiece  and  power  of  about  lifty. 
Professor  Bracket!  used  this  in  observing  the  first  and  last  con- 
tacts. (2)  A  four-inch  dialylic  by  the  late  Mr.  Soge  of  Orange, 
N.  J.,  equatorially  mounted.  This  instrument  was  kindly 
loaned  by  Mrs.  Siwsat  the  request  of  Professor C.  6.  Bockwooa, 
who  observed  with  it  the  first  and  last  contacts,  as.qi.sted  by  Mr, 
J.  C.  Grant.  (3)  A  telescope  of  two  and  tliree-fuurths  incites 
aperture,  the  object  ghiss,  by  Clark,  belonging  to  tiie  Princeton 
transit  instrument,  mounted  upon  a  rough  equatorial  stand, 
and  provided  with  a  screen  for  observing  the  prajeeted  image 
of  the  sun.  (4)  A  comet-seeker  by  Fitz,  six  inches  aperture 
and  about  forty-six  inches  focus,  with  a  curious  ari-angement 
of  two  eyepieces;  power  ly^o.  This  was  mounted  upon  a  tri- 
pod with  altitude  and  azimuth  motion.  It  was  used  by  Mr. 
ilalcolm  McNeill  during  totality  in  sweeping  for  intra-mercii- 
rial  planets,  but  without  success. 

After  totality  the  large  equatorial  of  the  Princeton  Observa- 
tory, liaving  nine  and  a  half  inches  aperture  and  twelve  feet  focus, 
was  used  by  myself  with  the  Merz  polarizing  eyepiece  and  power 
of  250,  in  observing  the  cusps  and  the  moment  of  last  contact 

For  observing  the  visual  spectrum  of  the  corona  four  instru- 
ments were  provided.  (1.)  The  large  ajuatorial  with  clock- 
work just  mentioned.  This  was  fitted  with  a  si ngle-i >risin 
spectroscope,  and  fluorescent  eyepiece,  having  a  film  of  solution 
of  jEsculin  about  1mm.  thick.  With  this  the  dark  lines  of 
the  ordinary  solar  spectrum  could  he  easily  seen  as  far  as  0, 
and  with  precautions  I  could  see  even  farther.  The  eyepiece 
could  be  set  axially  as  well  as  obliquely.     I  used  this  instru- 
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ment  myself  during  totality.  (2.)  The  finder  of  the  equatorial 
is  a  fine  telescope  of  three  inches  aperture.  To  this  was  fitted 
a  spectroscope  with  a  diflfraction  grating  on  silvered  glass  by 
Rutherfurd,  17,280  lines  to  the  inch.  With  this  I  observed 
the  first  contact,  and  the  behavior  of  the  spectrum  up  to 
totality.  During  totality  it  was  not  used.  I  was  assisted  during 
the  eclipse  by  my  son,  Mr.  C.  L  Young,  who  pointed  the  tele- 
scope and  made  my  records. 

(8.)  A  single-prism  integrating  spectroscope  mounted  equa- 
torially,  with  an  opera  glass  in  front  of  the  slit  as  a  condenser. 
The  collimator  and  telescope  had  each  an  aperture  of  two  and 
a  half  inches,  and  a  focal  length  of  twenty-six  and  a  half.  The 
prism,  kindly  loaned  for  the  occasion  by  Professor  Emerson  of 
bartmouth  College,  had  a  refracting  angle  of  forty-five  degrees, 
and  faces  two  and  a  quarter  by  two  ana  a  half  inches.  It  was 
mounted,  not  at  the  angle  of  minimum  deviation,  but  in  such 
a  way  that  by  moving  a  lever  it  could  be  slightly  rotated  so  as 
to  throw  the  spectrum  across  the  field  of  view.  The  whole 
was  mounted  equatorially,  but  without  clockwork,  and  was 
committed  to  Mr.  C.  D.  Bennett.  (4)  An  integrating  spectro 
scope  of  high  dispersion  by  Grubb.  This  had  telescope  and 
collimator  of  one  mch  aperture  and  twelve  inches  focus,  with  a 
train  of  dense  sixty-degree  prisms,  varying  in  number  at 
pleasure  from  ten  to  four — six  were  used  during  totality — it 
was  fitted  with  an  opera-glass  condenser  like  the  preceding. 
The  dispersive  power  was  too  great,  and  nothing  at  all  was 
seen  witn  it  by  Mr.  H.  S.  Smith  who  had  it  in  charge. 

(6.)  For  the  observation  of  the  spectrum-images  of  the  corona, 
a  slitless  spectroscope  of  peculiar  arrangement  was  employed, 
constructea  specially  for  the  purpose  by  Clark  &  Sons.  Two 
small  telescopes,  precisely  similar,  each  of  two  inch  aperture 
and  fourteen  inch  focus,  with  a  magnifying  power  of  ten  and  a 
half  were  placed  parallel  to  each  other  upon  a  board,  and  in 
front  of  their  object  glasses  were  secured  two  thirty-degree 
prisms  each  four  and  a  half  inches  long  by  two  and  a  quarter 
wide.  One  face  of  the  anterior  prism  was  set  so  as  to  be  per- 
pendicular to  the  incident  light,  and  one  face  of  the  other 
?ri8m  was  perpendicular  to  the  optical  axes  of  the  telescopes, 
'he  whole  afiair  was  mounted  equatorially  upon  a  post  by 
Professor  Rockwood  (who  had  charge  of  the  instrument)  in  a 
very  ingenious  manner,  so  that  the  plane  of  dispersion  could 
be  altered  at  pleasure.  The  three  inch  telescope  before  men- 
tioned was  attached  to  the  same  stand  and  arranged  for  polari- 
zation observations  during  the  totality,  but  Professor  Roctwood 
did  not  get  time  to  use  it  During  the  totality.  Professor 
Brackett  also  examined  the  coronal  images  as  seen  by  looking 
with  the  naked  eye  through  a  direct-vision  prism  of  considera- 
ble dispersion. 
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Our  pbotographic  attack  upon  the  corona  spectrum  employed 
four  instruments.  (1.)  A  spectrascopic  camera  with  diffraction 
grating  of  8640  lines  to  the  inch,  the  ruleJ  surfnce  two  and 
one-fourth  by  one  and  three  fourth  inches.  The  collimator 
had  an  achromatic  lena  of  three  inches  aperture  and  about  forty 
inches  focus  ;  the  slit  was  about  three-fourths  of  an  inch  long, 
and  so  arranged  that  one-half  of  it  could  be  uncovered  at  a 
time,  for  the  purpose  of  securing  the  dark  lines  of  the  solar 
Bpeetrara  as  reference  marks  by  a  short  exposure  of  one-half 
the  slit  ftfter  totality,  the  other  half  having  been  extxjsed  during 
the  totality.  The  image  was  formed  upon  the  plate  by  a  quartz 
lens  two  inches  diameter  and  twenty  inches  focus.  The  light 
was  concentrated  upon  the  slit  by  an  opera-glass  condenser  with 
quiirtz  lenses.     The  whole  was  equatorialiy  mounted  upon  a 

fiost  With  sunlight  this  instrument  gave  strong  and  oeauti- 
ully  defined  impressions  of  the  spectrum  from  F  to  0  with  ex- 
posures of  between  one-fourth  and  one-half  a  second ;  but  the 
plate  exposed  through  the  whole  of  the  totality  showed  no  trace 
of  action,  to  the  great  diaap(M:>intment  of  Mr.  W.  Libbey,  Jr., 
who  had  charge  of  the  instrument  and  undoubtedly  got  from  it 
all  it  would  do. 

(2.)  A  prismatic  camera,  consisting  of  a  slit,  a  prism  and  a 
single  quartz  lens  of  ten  inches  focuEi.  This  instrument  also 
had  an  opera-glass  oondeneer,  bat  of  glass  lenses,  and  was 
mounted  equatorialiy  upon  a  post.  The  rays  from  the  slit  were 
not  rcinluTKi!  paniHcl  before  passing  the  jirisiii,  tlie  lena  buing 
between  the  prism  and  isensitive  plate.  The  slit  of  this  instru- 
ment was  arranffcd  so  that  exposures  of  different  lengths  could 
be  given  to  different  adjacent  (xirtions  of  the  plate.  It  gave 
impressions  even  more  quickly  than  the  preceding  in  full  sun- 
light, but  like  it,  failed  to  give  any  result  during  totality,  not- 
withstanding the  skillful  management  of  Mr.  W.  W.  McDonaM, 
to  whom  it  was  intrusted. 

(i)  and  (4)  were  slilless  spectroscopes  mounted  together 
upon  an  equatorial  stand  kindly  loaned  to  us  by  Professor 
Pickering,  of  the  Harvard  College  Observatory,  Professor 
Brackett,  with  great  skill  and  ingenuity,  attached  to  this  an 
excellent  clockwork  compiled  lor  the  occasion  mainly  from  the 
movement  of  the  chronograph  of  the  Princeton  observatory. 
In  one  of  tlie  inatrumeuts  the  dispersion  was  effected  by  a 
apeculum-metal  grating  of  17280  lines  to  the  inch,  with  a  ruled 
sui-fiice  two  and  one-fourth  by  one  and  three-fourth  iuehes.  In 
the  other  a  sixty-degree  prism  of  white  flint  was  used.  The 
image-forming  lens  in  each  case  was  an  acbn)matic  of  about 
two  and  one-half  inches  aperture  and  twenty-four  inches  focu.«. 
About  eight  minutes  before  totality,  the  difiVaetion  instrument, 
with  a  five-second  exposure  gave  a  tine  spectrum,  but  neither 
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of  them  succeeded  during  totality.  Professor  Brackett,  assisted 
by  his  wife,  took  this  double  instrument  as  his  special  charge, 
though  he  besides  had  the  entire  management  ana  oversight  of 
all  the  photographic  work ;  and  not  only  so,  but  nearly  every- 
thing that  was  ingenious  in  contrivance  and  skillful  in  execu- 
tion was  his  also. 

For  photographing  the  corona,  we  had  a  six-inch  telescope 
by  Clark,  with  an  object  glass  specially  corrected  for  the  actinic 
rays,  loaned  us  by  Professor  Pickering.  This  was  mounted 
upon  an  equatorial  stand  with  clockwork,  lent  to  us  by  Butgers 
Collega  Mr.  G.  H.  Galley  was  put  in  charge  of  this  instrument 
and  obtained  with  it  three  fine  pictures  of  the  corona  with  ex- 
posures often,  fifteen  and  twenty-five  seconds  respectively.  A 
plate  which  was  to  have  had  forty  seconds  exposure  was  un- 
fortunately lost. 

Only  one  instrument  remains  to  be  mentioned,  that  with 
which  we  attempted  to  explore  the  infra-red  portion  of  the 
spectrum.  It  was  a  spectroscope,  with  thermoscopic  apparatus 
substituted  for  the  retina.  A  tube  about  five  feet  long  carried 
at  the  upper  end  a  slit  two  inches  long  taken  from  a  Dubosca 
electric  lantern.  At  the  lower  end  of  the  tube  was  mounted 
a  large  spectrum-metal  diflraction  grating  5760  lines  to  the 
inch,  in  such  a  manner  that  it  could  be  slightly  turned  by 
moving  a  long  lever.  In  front  of  the  grating  was  fixed  a  two- 
inch  quartz  lens,  at  the  end  of  a  bifurcated  tube,  suitably  dia- 
phragmed,  and  carrying  at  the  other  end  a  delicate  line  ther- 
mopile and  a  tasimeter.  The  whole  apparatus  was  attached  to 
a  board  eauatorially  mounted.  In  a  large  box  close  at  hand 
was  placen  a  delicate  difllerential  reflecting  galvanometer,  con- 
structed by  Professor  Brackett  specially  for  the  purpose — as, 
indeed,  was  also  the  thermopile — both  galvanometer  and  ther- 
mopile distinctly  superior  to  anything  we  could  otherwise 
obtain. 

We  had  relied  mainly  upon  the  tasimeter,  which  Mr.  Edison 
himself  constructed,  and  gave  to  us,  with  a  wholehearted  gen- 
erosity which  deserves  and  has  our  sincerest  thanks.  We 
received  the  instrument,  however,  only  the  day  before  leaving 
home,  and  when  we  came  to  experiment  in  the  field  we  found 
it  quite  impossible  to  do  anything  with  it  without  completely 
remodelling  the  whole  apparatus,  which  there  was  no  time  to 
do.  Whenever  the  direction  of  the  instrument  was  changed  to 
keep  the  collimeter  pointed  to  the  sun,  the  whole  adjustment  of 
the  tasimeter  was  destroyed.  It  needs  to  stand  unmoved  upon 
a  firm  foundation,  while  the  rays  under  investigation  are 
brought  to  it  by  reflection.  Under  the  circumstances  we  were, 
therefore,  obliged  to  rely  wholly  upon  the  thermopile. 

Mr.  A.  D.  Anderson  managed  the  lever  whicn  moved  the 
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Sating  and  observed  the  galvanometer,  while  Mr.  Taylor,  of 
enver,  who  joined  us  for  the  day,  directed  the  collimator. 
Doubtful  indications  were  obtained  of  a  heat  line  having  a 
wave  length  of  about  8640  of  Angstrom's  scale. 

Of  the  instruments  described  the  large  equatorial  was 
mounted  under  a  sort  of  railroad  car,  which  could  be  run  off 
on  a  track  so  as  to  uncover  the  telescope  when  wanted.  The 
photographic  telescope  and  Professor  Braekeit's  instrument  were 
in  a  separate  house,  which  also  contained  the  photographic 
dark  room,  the  telegraphic  apparatus  and  chronometers.  The 
other  instruinenls  were  so  arranged  that  they  could  be  easily 
dismounted  and  brought  under  shelter  when  necessary. 

The  weather  was  very  unsatisfactory  for  most  of  the  time 
between  our  arrival  upon  the  ground  and  the  eclipse,  especially 
for  the  ten  days  immediately  preceding.  The  mornings  were 
very  generally  clear,  but  by  eleven  o'clock  the  sky  would  be 
more  or  less  completely  overcast  with  heavy  cumuli  rolling 
down  from  the  mountains,  and  in  the  afternoon  there  would 
be  thunderstorms,  sometimes  of  great  violence.  But  the  day 
of  the  eclipse  was  almost  perfect;  there  were  no  clouds  except 
one  or  two  liltJe  fleecy  things  which  kept  out  of  our  way,  and 
a  heavy  bank  over  Long's  peak,  just  where  it  was  wanted  to 
bring  out  the  effects  of  the  advancing  shadow. 

Observations  of  Contacts,  etc. 

The  first  contact  was  noted  by  Professor  Bracketi  with  the 
four-inch  telescope  at  2"  IS*"  43'-3,  local  time.  By  myself, 
with  the  spcctrojicope  attached  to  the  three-inch  finder  oi'  the 
equatorial,  the  mtHiii  was  first  certainly  made  out  encroaching 
U|H>n  the  chromosphere  at  2"  19"  HH'.  and  contact  with  the 
limb  Wiis  noted  at  2"  19"  46»-0,  both  local  time. 

Professor  Rockwood  with  the  foiir-inch  dial^'tic,  power  100, 
noted  the  first  contact  as  having  occurred — a  past  event — at 
2'' 20"  07*-3,  local  time.  lie  remarks,  "I  was  conscious  thai 
this  was  too  late  by  certainly  several  seconds."  The  instru- 
ment wa.s  not  |irovided  with  a  convenient  means  of  marking  the 
place  of  contact,  which  occurred  at  a  point  not  exactly  where 
It  was  cxiiected.  No  observations  were  made  of  second  and 
third  contact.  The  la.^t  contact  was  noted  by  Professor  Hrackett 
at  4^  35"  10'-7;  by  Professor  Rockwood  at  4"  34™  53"-8 ;  by 
myself,  with  the  nine  and  a  half-incli  telfscopc,  full  aperture, 
polarizing  eye-piece  and  jiower  of  250,  at  4"  35"  14''6 — a  very 
satisfactory  observation. 

It  will  be  remembered  that  the  error  of  the  standard  chn>- 
nometer  was  determined  by  sextant  observations  upon  the  sun, 
and  the  k«al  time  is  therefore  uncertain  to  the  extent  of  at 
least  15  seconds  from  this  cause. 
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During  the  progress  of  the  eclipse,  before  totality,  Professor 
R^ckwood  looked  carefiilly  for  any  such  phenomena  as  brushes 
of  light  at  the  cusps,  and  after  totality  both  Professor  Brackett 
and  myself  joined  him  in  the  examination  with  our  instru- 
ments, but  nothing  abnormal  was  seen  by  either  of  us.  With 
the  large  equatorial  the  definition  was  most  df  the  time  very 
fine  indeed. 

Fringes, — Mr.  McNeill,  who  was  in  charge  of  the  comet- 
seeker,  observed  them  hurriedly  as  totality  came  on.  He 
says:  **0n  the  approach  of  totality  I  observed  a  series  of 
shadows  parallel  to  each  other,  somewhere  about  five  inches 
wide  and  three  feet  apart  They  extended  from  southwest  to 
northeast,  and  moved  in  a  direction  perpendicular  to  this 
toward  the  southeast,  at  a  rate  of  some  eight  or  ten  miles  an 
hour." 

Mr.  Smith  also  saw  them  and  gives  the  following  account  of 
them  :  **  During  the  last  thirty  seconds  of  totality,  when  look- 
ing to  see  if  my  instrument  was  properly  pointed,  I  saw  a  series 
of  black  shadowy  bands  moving  in  a  direction  contrary  to  the 
moon's  motion.  They  were  about  three  inches  in  breadth  and 
about  two  feet  apart^  and  their  length  was  at  right  angles  to 
their  line  of  motion.  After  totality  I  measured  approximately 
the  direction  of  their  length  and  found  it  to  be  about  north 
thirty  east.  In  the  limitea  field  of  view  that  I  had  these  lines 
appeared  to  be  straight,  but  not  even,  looking  as  if  made  up 
of  crescents  having  their  points  overlapping.  I  did  not  look 
at  them  for  more  than  a  few  seconds."  Mr.  Smith  also  informs 
me  verbally  that  the  velocity  of  movement  rather  exceeded  a 
very  fast  walk — say  from  five  to  six  miles  per  hour — also  that 
he  estimated  the  dimensions  by  measuring,  the  next  morning, 
upon  the  ground,  the  distance  between  objects  over  which  the 
fringes  passed  simultaneously.  The  fact  that  the  movement 
as  he  saw  it  was  just  opposite  to  Mr.  McNeill's  impression,  is  of 
course  noticeable.  Perhaps  the  explanation  may  be  connected 
with  the  fact  that  one  observed  at  the  beginning,  and  the  other 
at  the  end  of  totality.  Mr.  Pickering,  however,  who  though 
not  of  our  party  observed  in  our  enclosure,  described  the 
movement  as  vibratory  rather  than  progressive. 

Spectroscopic  Observations, 

Analyzing  spectroscope. — I  observed  the  first  contact  with  the 
diffraction  spectroscope  attached  to  the  finder,  and  after  that, 
during  the  progress  of  the  eclipse,  I  gave  a  most  careful 
scrutiny  to  all  the  principal  dark  lines  of  the  spectrum  to 
ascertain  whether  there  was  any  absorptive  action  to  be  de- 
tected at  the  moon's  limb.  I  tried  spectra  of  various  orders, 
so  as  to  give  both  extremely  low  ana  extremely  high  disper- 
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aioD,  but  in  nil  cases  and  with  all  the  lines  found  only  one 
emphatic  negative  result 

About  ten  minutes  before  totality  tbe  nutnber  of  cliromo- 
sphere  bright  lines,  visible  in  this  instrunaent  began  to  increase. 
Ii74,  the  b,s  and  others  in  that  part  of  tbe  epectrum  began  tft 
be  conspicuons,  and  I  turned  my  attention  to  the  single  prism 
instrument  with  the  fluorescent  eyepiece.  At  this  time  I  found 
I  could  Bee  the  dark  lines  quite  to  0,  and  rather  better  than  be- 
fore the  eclipse  began.  I  adjusted  the  slit  tangent  to  the 
expected  point  of  contact,  and  brought  to  the  center  of  the  field 
the  portion  of  tbe  spectrum  between  I)  and  E,  the  field  extend- 
ing from  about  C  on  one  aide  to  above  F  on  the  other.  At  the 
moment  when  totality  began,  the  field  was  filled  with  bright 
lines,  which  came  into  brightness,  not  instantaneously,  but 
brightening  uerbaps  half  a  second,  remained  steady  nearly  & 
second  and  Inen  faded  out  and  disappeared,  not  all  together  but 
fluccessivelj,  most  of  them  being  lost  withio  two  seconds  of 
their  first  appearance,  while  some  lasted  three  or  even  four 
seconds.  After  this  there  remained  bright  in  the  field  C,  D,, 
1474  and  ¥.  No  lines  could  be  seen  between  D,  and  1474.  I 
immediately  began  to  work  the  tangent  screw  to  bring  down 
tbe  ultra  violet  into  tbe  field,  and  while  I  was  doing  so,  ray 
eon  accidentally  let  the  image  of  tbe  corona  get  off  from  tbe 
slit,  and  as  it  moved  off  I  noticed  the  persistency  of  1474  still 
visible  in  the  edge  of  tbe  field  to  a  distance  of  at  least  ten 
minutes  from  the  limb.  F  disappeared  at  a  distance  not  much 
more  than  five  minutes.  There  was  a  little  difficulty  in  re- 
pointiuL;  tbe  instrument,  as  tlie  slit  could  not  be  easily  seen, 
though  tbe  image  of  tbe  corona  was  lairly  bright.  While  my 
son  was  bringing  things  to  place  I  looked  at  tbe  eclipse  lor 
perhaps  ten  seconds  and  saw  the  polar  streamers  of  tbe  corona, 
but  did  not  notice  tbe  equatorial  ones  and  was  surprised  at  not 
seeing  them.  I  also  noticed  a  quivering  of  tbe  air  along  the 
telescope  tube.  The  corona  seemed  to  nie  much  less  brilliant, 
but  not  less  extensive  than  in  1869  and  1870.  Applying  my 
eye  again  to  the  eyepiece  I  worked  up  as  rapidly  as  possible 
into  the  ultra  violet,  and  tried  every  device  I  could  think  of 
to  find  lines  there,  but  without  success,  though  there  was 
a  faint  continuous  spectrum.  In  a  few  seconds  tbe  totality 
ended,  its  termination  being  heralded  by  the  i-eversal  of  the 
two  H  (calcium)  lines  as  the  image  of  the  prominences  and 
chromosphere  fell  upon  the  slit.  I  had  never  been  able  to  sec 
this  before  since  my  first  observations  of  the  same  thing  in 
1872,  at  Sherman.  I  saw  no  other  lines  reverse  at  close  of 
totality. 

The  observations  were  greatly  facilitated  by  the  count  of 
seconds  which  was  kept  up  with  perfect  steadiness  and  accuracy 
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by  Mr.  W.  H.  Pierce,  of  Denver,  who  kindly  volunteered  to 
assist  us  in  this  way.  Starting  his  stop  watch  at  a  signal  given 
by  Professor  Eockwood,  he  beat  once  in  two  seconds  with  a 
small  hammer  upon  an  anvil  so  as  to  be  distinctly  heard  through 
the  whole  ground,  and  called  out  every  tenth  second.  Thus 
every  observer  knew  precisely  how  much  time  remained  at  his 
disposal.  With  the  single  prism  integrating  spectroscope,  Mr. 
Bennet  saw  at  the  beginning  of  totality,  for  three  or  four  sec- 
onds F  and  1474,  and  these  only — he  could  not  see  C — why,  I 
cannot  imagine,  but  with  nearly  the  same  instrument  Mr.  Abbay 
had  a  similar  experience  in  Spain  in  1870.  During  totality  the 
continuous  spectrum  was  too  faint  to  show  the  apider  lines. 
Four  seconds  before  the  end  of  totality  1474  "shot  out"  again, 
followed  by  the  bluish  green  line,  wnich  was  seen  to  change 
into  the  dark  line  F.  F  was  much  brighter  and  broader  than 
1474.  No  dark  lines  could  be  seen,  nor  indeed  lines  of  any 
kind  except  the  two  named,  and  that  only  for  a  few  seconds  at 
beginning  and  end  of  totality. 

With  the  six-prism  Grubb  spectroscope,  Mr.  Smith  could  see 
absolutely  nothing. 

aiiiless  spectroscopes. — Professor  Brackett  reports  his  observa- 
tion as  follows:  '*  About  thirty-five  seconds  of  the  totality  had 
passed  when  I  had  put  my  plates  in  their  places  and  waited 
lor  quiescence  and  exposed  them.  My  eye  of  course  was  in  its 
most  sensitive  condition  as  I  had  just  left  the  dark  room.  The 
first  thing  I  did,  therefore,  was  to  take  a  large  direct  vision  prism 
having  neither  slit  nor  telescope,  and  look  for  rings.  1  saw 
none  but  did  see  clearly  the  following  that  were  very  clear  and 
distinct.  A  line  in  the  red,  one  in  the  yellow,  one  in  the  green 
and  a  fourth  in  the  violet  [?  blue].  All  these  lines  were  clear 
and  sharp  as  long  as  I  continued  to  look,  perhaps  ten  or  fifteen 
seconds.  They  were  not  to  be  seen  at  any  considerable  distance 
from  the  moon,  and  only  along  its  eastern  limb,  extending  over 
an  arc  of  about  120°."  Of  course  the  lines  seen  were  C,  D3, 
1474,  and  F.  Professor  Rock  wood  used  the  binocular  instru- 
ment described  previously.  I  give  his  interesting  report  in  his 
own  words  and  in  full.  "  As  totality  approached  I  went  to 
the  binocular  and  by  help  of  a  dark  glass  watched  the  spectrum 
of  the  sun's  crescent  seen  there,  having  placed  the  instrument 
so  that  the  plane  of  dispersion  of  the  prisms  was  perpendicular 
to  the  line  of  the  cusps.  I  had  previously  focussed  the  telescopes 
carefully  upon  the  distant  mountains,  and  during  totality  this 
focas  was  not  changed.  Some  considerable  time  (probably 
eight  or  ten  minutes)  before  totality  I  was  able  to  see  the 
prominent  dark  Fraunhofer  lines.  The  number  of  these  in- 
creased until  just  before  totality,  when  the  crescent  was  very 
narrow.     I  had  a  bright  continuous  spectrum  some  ten  minutes 


a  A.  Young— The  Solar  Eclipse. 

wide,  ehowing,  as  it  seemed  to  me,  the  fall  solar  spectrum  with 
all  its  dark  lines  as  whea  a  slit  is  used.  These  lines  were  so 
sharp  aad  distinct  that  I  counted  and  noted  tive  distinct  dark 
lines  between  the  two  H'a  At  this  time,  and  before,  I  noted 
also  a  bright  band  in  the  neighborhood  of  h,  which  ma_7  have 
been  due  to  Hd  or  may  have  been  owing  to  the  absorption  of 
the  dark  glass  I  was  using,  a  London  smoke.  When  the  light 
waa  sufficiently  reduced,  some  fifteen  seconds  or  so  before 
toUility,  I  discarded  the  dark  glass,  and  moved  mj  eye  so  as  to 
see  only  the  violet  end  of  the  spectrum  and  then  followed  it 
down  toward  the  red,  as  fast  as  the  fading  brightness  of  tlie 
light  would  permit,  until  I  was  able  to  ace  the  whole  spectrum 
about  covering  the  field  of  my  instrument 

"  At  the  commencement  of  totality  I  was  thus  watching  the 
dark  lines,  when  suddenly  the  sun's  disk  was  entirely  covered 
and  I  saw  a  number  of  bright  crescents  crossing  the  still  visible 
continuous  spectrum.  They  projected  on  both  sides  beyond 
the  continuous  spectrum,  being  certainly  fifteen  minutes  and 
perhaps  twenty  minutes  long.  They  showed  upon  them 
several  prominences.  I  noted  two  small  ones  near  the  south 
limit  una  three  larger  near  the  north  lirab,  the  most  northern 
one  having  a  hook  form.  I  failed  to  get  note  of  u-hal  lines 
these  crescents  belonged  to,  but  immediately  afterward  I  put 
down  from  memorv  these — near  B(?),  0,  D*  1474,  P,  (Hj-).  Oa 
the  appearance  of  these  bright  crescents  I  gave  the  word  to 
Mr.  Pierce  to  begin  counting.  I  continued  to  watch  them  and 
the  continuous  spectrum,  looking  for  the  latter  to  break  up 
into  rings.  Tiie  moon  gradually  covered  the  crescents,  leav- 
ing still  the  toiM*  of  the  prominences  visible  as  bright  points 
seen  in  several  colors.  When  these  points  were  almost 
covered  I  called  "stO]i''  to  Mr.  Pierce,  and  found  afterward 
from  his  watcli  that  two  minutes  twenty-eight  and  a  quarter 
seconds  had  elapsed  since  I  first  saw  them.  But  by  this  time 
the  prominences  on  the  western  limb  had  b^un  to  be  un- 
covered, and  in  a  few  .seconds  the  northern  ones  had  joined  in 
a  long  sierra,  and  then  T  had  a  new  set  of  crescents  in  view. 
Of  these  I  noteil  the  following  lines:  near  B,  C,  D„  1474.  F, 
H^,  II|,  Uf  These  all  sliowe<l  clear  and  bright,  and  in  addi- 
tion there  were  four  or  five  fainter  ones  between  F  and  Hj- 
which  I  could  uot  locate  exactly.  Those  named  did  not  differ 
much  in  lirightness,  antl  I  did  not  nnlicc  but  that  the  forms  of 
the  pi-ominencea  were  the  same  in  all,  still  I  cannot  be  positive 
about  that. 

"The  spectrum  of  the  corona  during  all  of  totality  was  con- 
tinuous and  tolci-ably  bright,  1  saw  no  diirk  lines  crt)ssingil, 
but  did  not  look  particularly  for  them  and  should  uot  expect 
to  see  them  with  my  instrument.     It  did  not  show  any  bright 


C.  A.  Toung—The  Solar  Eclipse.  289 

rings.  I  looked  most  carefully  for  them,  expecting  to  see 
them.  Once  about  the  middle  of  totality  I  thought  I  saw 
traces  of  a  ring  about  where  1474  ought  to  be,  but  a  second 
look  did  not  confirm  the  impression.  The  continuous  ppec- 
trum  seen  during  totality  was  somewhat  wider  than  the  moon's 
disk,  but  I  cannot  say  how  much,  nor  can  I  tell  just  when  it 
assumed  the  greater  width.  Before  totality  it  was  quite  nar- 
row and  the  bright  crescents  projected  on  both  sides  beyond  it 
But  I  remember  that  in  looking  for  the  rings  I  expected  them 
to  be  seen  upon  this  spectrum  and  not  to  project  beyond  it 
I  did  not  take  my  eyes  from  the  instrument  during  totality, 
my  intention  being  to  see  these  rings  if  there  were  any  to  see, 
and  my  first  feeling  when  totality  was  over  was  one  of  failure 
because  none  had  been  visible." 

Thermoscopic  observations. — Mr.  A.  D.  Anderson  reports  his 
observation  with  the  thermospectroscope  as  follows:  *'As  soon  as 
the  corona  appeared  the  slit-tube  (collimator)  was  pointed  to  it, 
the  slit  openea,  the  galvanometer  balanced,  and  the  lever  which 
turns  the  grating  moved  so  that  the  spectrum  from  the  orange 
through  the  ultra-red  traversed  the  face  of  the  pile.  When 
the  extreme  red  was  reached  the  lever  was  movea  back  to  its 
original  position.  During  totality  the  instrument  was  pointed 
four  times  to  the  corona,  and  four  observations  were  made. 
The  only  result  obtained  was  during  the  third  observation  when 
a  decided  deflection  of  the  galvanometer  index  was  noticed,  in 
the  direction  indicating  heat,  from  54  to  57'5  on  the  scale,  the 
index  returning  to  its  original  position  as  the  lever  was  moved 
past  the  point  A  precisely  similar  and  equal  deflection  oc- 
curred when  the  lever  on  the  return  stroke  reached  the  same 
point."  The  position  of  the  lever  at  the  moment  of  the  deflec- 
tion was  carefully  marked,  and  after  the  eclipse  it  was  found 
that  a  point  in  the  spectrum  of  the  second  order  just  above  G 
was  upon  the  face  of  the  pile.  This  would  tend  to  indicate  a 
heat  line  in  the  ultra-red  with  a  wave  length  twice  that  of  the 
coincident  blue  light  At  the  same  time  it  must  be  admitted 
that  the  conclusion  is  doubtful,  for,  though  it  is  not  easy  to 
explain  what  cause  other  than  a  coronal  heat  line  could  have 
produced  the  observed  deflection,  it  is  equally  diflBcult  to  ex- 
plain why  the  three  other  sweeps  across  the  spectrum  failed  to 
show  the  same  thing. 

It  is  proper  that  I  should  here  add  that  the  American  Acad- 
emy of  Sciences  at  Boston  had  placed  at  our  disposal  a  consid- 
erable appropriation  for  this  thermoscopic  research ;  thanks, 
however,  to  the  industiy  and  ingenuity  of  Professor  Brackett 
in  constructing  our  apparatus,  the  generosity  of  Mr.  Edison  in 
giving  us  a  tasimeter,  the  kindness  of  our  railroad  friends  in 
the  matter  of  passage  and  freights,  and  the  liberal  scale  of  the 
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original  appropriation  of  the  Green  Trustees,  it  was  not  found 
necesBary  to  Jmw  upon  this  fund,  thougli  we  are  none  the  less 
grateful  for  its  provision. 

I  need  not  occapy  much  space  with  a  discussion  of  the  pho- 
tographic work.  I  think  we  failed  in  obtaining  the  desired 
results,  simply  because  the  lines  we  hoped  to  find  in  the  ultra- 
violet did  not  exist  there  on  this  occasion,  though  it  is  of  course 
certain  that  lenses  of  more  light-gathering  power  would  have 
increased  our  chances.  That  there  was  no  fault  with  the 
chemicals  and  tlie  manipulations  is  evident  from  the  splendid 
Buccesa  of  Mr.  Callev's  pictures  of  the  corona.  In  twenty-five 
seconds  he  obtained  a  far  more  extensive  and  better  photograph 
than  the  same  instrument  gave  in  1870  at  Jerez  with  an  exposure 
lasting  through  the  whole  totality,  more  than  two  minutes. 

I  ought  not  to  close  without  a  word  of  recognition  of  the 
courtesy  and  helpful  kindness  of  our  Denver  friends.  I  do  not 
know  what  they  could  have  done  that  they  did  not,  Vj  aid  ua 
in  our  work  and  make  our  stay  among  them  pleasant. 

PriDoetoo,  September  6,  181S. 


Art.  XXXIII. — On  a  Cause /or  the  Appearance  of  Bj-igkt  Lines 
in  Uie  ^Uir  Spectrum;   by  BjlPHakl  Meldola,  F.R.A.S., 

F.C.S.,  ic* 

In  July,  1877.  Professor  Henry  Draper  showed  that  oxygen 
and  (probably)  nitrogen  are  present  in  the  sun's  atmosphere,  the 
spectral  lines  of  these  gases  appearing  as  bright  lines  in  the  solar 
spectrum.  The  photograph  accompanying  Professor  Draper's 
pa[)er,f  shows  that  the  oxygen  lines  are  bright,  although  not 
con.'ipicuously  so,  upon  ji  hss  luminous  background, 

Tlie  discoverer  of  this  most  imporUint  fact  in  solar  chemistry 
doe-s  not  otter  any  complete  explanation  of  the  exceptional 
behavior  of  the  lines  of  these  elements,  but  remarks  that  ''it 
may  be  suggested  that  the  reason  of  the  non-appearance  of  a 
dark  line  may  be  that  the  intensity  of  the  light  from  a  gi-eat 
thickness  of  ignited  oxygen  overpowers  the  effect  of  the  pho- 
tosphere, just  as,  if  a  person  were  to  look  at  a  candle  flame 
tlirough  a  yard  thickness  of  ignited  sodium  vapor,  he  woald 
only  see  bright  sodium  lines  and  no  dark  absorption  lines. 
Of  course  such  an  explanation  would  necessitate  the  hypothesis 
that  ignited  gases  snch  as  oxygen  give  forth  a  relatively  laige 
proportion  of  st>Iar  light." 

The  oxygen  spectrum  referred  to  in  the  above-mentioned 
paper  is  the  well-known  "line  spectrum"  seen  when  powerful 

•  From  PhiL  Mag.  for  July,  1S78.        f  Nature,  xvi,  361,  August  30,  1871. 
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disruptive  sparks  pass  through  the  gas.  Dr.  Schuster  has 
recently  succeeded  in  obtaining  a  second  or  "compound'* 
spectrum  of  oxygen,*  the  fundamental  lines  of  which  he  has 
shown  with  considerable  certainty  to  be  present  as  dark  lines 
in  the  solar  spectrum. 

Since  the  publication  of  Professor  Draper's  discovery,  I  have 
given  much  attention  to  the  consideration  of  a  cause  for  the 
apparently  anomalous  brightness  of  the  oxygen  lines;  and  in 
tne  present  paper  I  venture  to  advance  an  explanation  which  has 
recommended  itself  as  being  worthy  of  notice,  not  only  because 
it  offers  a  reconciliation  of  the  known  solar  spectrum  with  the 
generally  accepted  views  of  the  constitution  of  the  sun's  atmos- 
phere, but  likewise  because  it  furnishes  a  suggestive  hypothesis 
lor  the  attack  of  many  other  obscure  problems  in  solar  physics. 

1.  I  shall  throughout  this  paper  consider  it  to  be  established 
that  the  gaseous  envelopes  surrounding  the  sun  succeed  each 
other  in  the  following  order,  commencing  with  the  lowest : 

(1)  Photosphere;  (2)  Reversing  layer;  (3)  Chromosphere; 
(4)  Coronal  atmosphere. 

I  also  assume  the  truth  of  the  hypothesis,  first  advanced  by 
Johnstone  Stoney,f  who  showed,  from  purely  theoretical  con- 
siderations, that  in  the  sun's  atmosphere  the  various  elements 
must  extend  to  heights  which  are,  broadly  speaking,  inversely 
as  their  vapor  densities.  This  view  has,  in  my  belief,  been 
substantially  confirmed  by  subsequent  observation.  Thus  ni- 
trogen and  oxygen,  having  the  respective  densities  14  and  16 
(H=l),  would  extend  to  a  great  height  in  the  solar  atmosphere, 
rising  above  sodium,  calcium  and  magnesium,  and  having  ex- 
terior to  them  the  unknown  substance  giving  the  D^  line  (heli- 
um), hydrogen,  and  the  element  giving  tne  coronal  line  "  1474." 

2.  Two  suppositions  can  be  made  concerning  the  sun's  tem- 
perature. In  the  first  place,  it  may  be  assumed  that  the  tem- 
perature is  so  enormously  elevated  that  no  chemical  compound 
IS  anywhere  capable  of  existing  in  his  atmosphere ;  in  other 
words,  dissociation  may  be  considered  to  be  complete  In  the 
next  place,  it  may  be  supposed  that  the  temperature  falls  off 
sufficiently  at  some  region  of  the  outer  portion  of  the  sun's 
atmosphere  for  certain  chemical  combinations  to  take  place. 

8.  Let  us  first  assume  that  the  temperature  of  the  sun  is  so 
great  that  there  is  perfect  dissociation  throughout  his  whole 
atmosphere.  Under  these  circumstances  free  oxygen  would 
exist  m  the  presence  of  electro  positive  elements ;  and,  in 
accordance  with  Stoney's  hypothesis,  both  this  element  and 
nitrogen  (if  present)  would  extend  to  a  considerable  height  in 

*  Katore,  xrii,  148,  December  20,  1877. 

f  Proc  Boy.  Soo.,  zri,  p.  2  and  xvii,  p.  1 ;  Phil.  Mag.,  August,  1868 ;  Monthly 
Kotioes  Boy.  Astr.  Soc.,  Dec.,  1867 ;  Lockyer,  Phil.  Trans.,  1873,  dxiii,  265. 
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the  aun's  atmosphere,  rising  as  a  necessary  conspqnence,  into 
regions  which  are  cooler  than  thalatratum  which  is  cool  enough 
to  reverae  the  spectra!  lines  of  those  metals  having  the  smallest 
molecular  maae,  viz:  Na,  Ca  and  Mg,*  Professor  Draper's 
Buggc'Btion  that  the  enormous  thickness  of  incandescent  oxygen 
may  overpower  the  light  of  the  photifflphere.  can  only  hold 
good,  when  considered  in  connection  with  this  hypothesis,  if 
the  temperature  of  the  upper  portions  of  the  oxygen  atmosphere 
does  not  differ  to  any  great  extent  from  that  of  the  tower  and 
hotter  jTortiona.  When,  however,  we  bear  in  mind  the  com- 
paratively low  vaiHjr  density  of  oxygen,  and  consider  at  the 
same  time  to  what  an  enormous  height  the  hydrogen  atmosphere 
extends,  it  appears  probabie  that  the  height  reached  by  oxygen 
would  be  such  that  the  temperature  of  the  upper  portions  of 
this  gas  would  be  considerably  lower  than  that  of  the  subjacent 
layers ;  so  that  any  excess  of  radiation  over  that  of  the  photo- 
sphere given  out  by  the  hottest  portions  of  the  incandescent 
oxygen  would  be  obliterated  by  the  absorption  of  the  cooler 
portions  above. 

[The  same  reasoning  can  be  applied  if  we  suppose  that  the 
temperature  of  the  oxygen  falls  off  at  some  particular  level; 
BO  that  above  this  boundary  the  state  of  molecular  aggregation 
of  the  gas  corresponds  to  Dr.  Schuster's  "  compound  line  spec- 
trum, while  below  this  boundaiy  the  greater  heat  of  the  gas 
resolves  its  molecules  into  the  atoms  giving  the  ordinary  line 
spectrum.  The  effect  of  this  stale  of  affiiir^  is  practically  the 
same  as  would  be  brought  about  by  annihilating  a  certain  por- 
tion of  the  upi>er  oxygen  layers,  since  the  two  different  molec- 
ular states  of  tlie  gos  give  totally  dissimilar  spectra.  We  are 
thus  reduced  to  an  oxygen  atmosphere  of  smaller  extent,  and 
the  foregoing  reasoning  obtains.] 

Angstrom  suggested  f  that  the  non-appearance  oi  the  lines 
of  oxygen  and  nitrogen  in  the  solar  spectrum  might  be  ac- 
counted Tor  by  supposing  that,  at  the  temperature  of  the  sun. 
the  specific  absorptive  power  of  the.se  gases  may  be  insufficient 
to  reverae  tljeir  spectra.  This  view,  however,  equally  fails  to 
account  for  the  brightness  of  the  lines  in  question. 

4.  Let  us  now  make  the  not  improbable  assumption  that  the 
temperature  of  the  sun's  nucleus,  photosphere,  and  reversing 
layer  is  so  great  that  dissociation  is  perfect  throughout  these 

•  Stoney  baa  shown  iPtoc.  Roj,  Soc.,  ivii,  p.  1*)  that  a  gas  or  vapor,  ereo 
wbeD  presoiit  in  only  amall  quantity,  will  neverthelesa  extend  to  nearly  its  full 
beiRlit  in  the  solar  atmoaphera. 

f  lie  remarlts  (R«chercho3  3ur  le  flpoctre  Solaire,  tJpsal.  1859,  p.  371  that  it  19 
"  tr^-proba)>1e  cgue  la  temperature  Sev^  du  eoloil  ne  suffit  pas  pour  produire  1m 
raiea  britltintea  de  I'oiyK^ne  el  de  TaEote,  eC  que  par  cons^neot,  m^me  en  Buppo- 
sant  que  cvs  corps  eiistent  actiiellemcut  dans  le  solcil.  ils  ne  doivent  poiirtant  pas 
occaaioner  de  rales  obscures  dans  le  apoctro  solaire."  He  further  suggests  that 
oxygen  and  nitrogen  may  exist  in  the  ooroua. 
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regions,  but  that  somewhere  in  the  higher  regions,  or  above 
the  chromosphere,*  the  temperature  falls  oft'  sufficiently  for 
some  kinds  of  chemical  combination  to  take  place — say,  in  the 
present  instance,  for  oxygen  to  combine  with  hydrogen.  Under 
these  circumstances  we  should  have,  concentric  with,  and  ex- 
terior to,  the  chromosphere,  a  zone  of  combustion  where  oxy- 
gen and  hydrogen,  already  at  a  very  elevated  temperature, 
enter  into  combination  and  become  thereby  raised  to  a  state  of 
more  vivid  incandescenccf  All  elements  which,  by  virtue  of 
their  small  vapor  density,  extended  into  the  region  of  com- 
bustion, would  be  raised  to  incandescence  by  contact  with  the 
flaming  gases,  if  not  actually  taking  part  in  the  combustion. 
Thus,  according  to  the  present  hypothesis,  we  would  not  ex- 
pect to  find  in  the  solar  spectrum  the  bright  lines  of  elements 
having  a  high  vapor  density. 

5.  The  possibility  of  combination  taking  place  in  the  higher 
regions  of  the  suns  atmosphere  is  ad  mi  tteu  by  Stoney,:}:  who 
states  that  *' gases  in  the  solar  atmosphere  which  are  kept 
asunder  by  the  temperature  of  its  lower  strata  may  be  able  to 
combine  in  the  cooler  regions  above."  Such  combination, 
although  arising  from  the  cooling  down  of  gases  previously  at 
a  temperature  of  dissociation,  would  nevertheless  be  attended 
with  the  evolution  of  heat,  and  would  possess  the  character  of 
true  combustion.  Professor  Draper  also  remarks,  in  the  paper 
before  referred  to,§  that  **difl*used  and  reflected  light  of  the 
outer  corona  could  be  caused  by  such  bodies  (oxygen  com- 
pounds) cooled  below  the  self-luminous  point" 

6.  The  following  considerations  appear  to  give  support  to 
the  view  that  oxygen  extends  into  regions  sufficiently  reduced 
in  temperature  for  combustion  to  take  place : 

The  region  which  is  called  the  chromosphere  is  distinguish- 
able as  such  through  what  may  be  called  an  optical  accident : 
it  is  that  zone  of  incandescent  hydrogen  which  is  rendered 
visible  by  the  telespectroscope ;  the  true  boundary  of  the  hy- 
drogen atmosphere  lies  far  above  the  visible  chromosphere ;  and 
from  this  latter  zone  outward  the  temperature  falls  off"  rapidly. 

*  It  is  generaUy  admitted  that  the  true  height  of  the  chromosphere  is  consider- 
ably greater  than  thai  seen  by  means  of  the  telespectroscope,  since  the  amount  of 
dispersion  necessary  to  weaken  the  scattered  light  of  our  atmosphere  must 
weaken  and  shorten  the  hydrogen  lines  by  which  the  chromosphere  is  revealed. 

f  It  18  well  known  that  the  ozyhydrogen  flame  does  not  show  the  lines  of  either 
of  the  burning  gases.  In  the  sun,  however,  the  conditions  are  probably  very 
difEearent.  The  combining  gases  may  be  largely  diluted  with  other  inactive  gases. 
FurUiermore  the  pressure,  as  shown  by  the  researches  of  Frankland  and  Lockyer 
(Proc.  Roy.  8oc.,  xvii,  p.  288),  is  apparently  far  less  in  the  upper  regions  of  the 
diromoephere  than  in  oar  own  atmosphere.  Both  these  causes  would  conspire  to 
raise  the  point  of  ignition  of  the  gases  in  question,  so  that  a  much  higher  temper- 
ature would  be  neceflsary  to  bring  about  combination  than  if  they  were  undiluted 
and  under  greater  pressure. 

X  Proo.  Boy.  Boo,  zviL  §  Loa  dt,  p.  366. 
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Now  il  has  been  well  established  by  obnervatioo,  that  metala 
of  grent  molecular  m&es,  such,  for  example,  ae  tbnse  of  the  iron 
group,  are  frequently  thrown  high  up  into  the  chromospliera* 
Tbus,  if  gases  of  great  vapor-density  are  occasionally  injected 
into  tJie  chromoKphere,  gaaea  composed  of  molecules  of  com- 
paratively small  mass,  sucli  as  those  of  oxygen  aod  nitrogen, 
would  probably  extend  permanently  into  regions  far  above  the 
chromosphere,  and  whicn  are  therefore  at  a  much  lower  tem- 
perature than  that  zone. 

The  elements  chiefly  concernei:!  in  producing  selective  ab- 
sorption in  sun  spots,  aa  shown  by  the  local  thickening  of  their 
spectral  lines,  are  all  elements  of  high  vapor  density  compared 
witli  oxygen — viz:  Na,  Mg,  Ca,  Ba,  Fe,  Ni,  Cr  ai.d  Ti ;  from 
this  it  appears  that  the  dimturbances  producing  these  phenomena 
must  extend  low  down  in  the  chromosphere.  The  oand  spec- 
tra occasionally  seen  in  the  nuclei  of  sun  sjratsf  appear  to  indi- 
cate thnt  in  these  regions  the  tempemture  is  sometimes  suffi- 
oieiitly  reduced  to  admit  ot  the  formation  of  compounds.  If 
therefore  the  temperature  of  the  solar  atmosphere  above  the 
spot  layer  is  low  enough  to  permit  of  chemical  combination 
taking  place,J  even  when  the  portions  of  the  atraoaphere  con- 
cserned  are  swept  down  into  the  subjacent  spot  cavitj',  it  follows 
that  the  layer  into  which  oxygen  extends  (which,  as  we  have 
Been,  moat  be  f&T  above  the  spot  layer)  would  likewise  be  cool 
enough  to  allow  of  the  formation  of  compounda 

7.  "It  will  help  to  give  greater  precision  to  the  hypnlie.'^is  of 
a  zone  of  combustion,  if  we  follow  ihe  course  of  a  ray  of  light 
BupiMjsed  to  be  eniittetl  by  the  photoaplicre  and  received  in  tlie 
spectrosco|>e  of  a  terrestrial  observer.  Passing  through  the  re- 
versing layer,  the  my  undergoes  tliat  selective  absorption  wliicli 
gives  rise  to  the  Fmniiliofer  lines ;  and  iC  its  spectrum  could  lie 

•  Locltyor,  Ptoc  Roy.  Soc,  XTiii ;  Toimg,  Joiirn.  Frank.  Inst.,  Sept.,  ISGS  Bnd 
Oct,  1970;  also  "  Notiire."  toI.  iii.  p.  HI,  and  roL  vU,  p,  17;  Rcapighi,  Atli  d. 
Real.  Ai^ud.  d.  Line,  1 8T2 ;  Taechini.  Comptes  itendus.  Iiivi,  p.  8*29 ;  H.  C.  Vogel, 
BeoliachtuQgen.  1972  ;  and  nnmerons  other  obaervers. 

I  Pri)fePBor  Young  stKtea  (Nature,  vii.  p.  109)  tliHt  in  the  spectnim  of  a  eun- 
apot  he  observed  "  betn-i?en  G  and  D  some  very  pernliar  shadings,  terminsled 
sburply  at  tbc  leas  refrangible  limit  b;  a  hard  dark  line,  but  fading  out  )n'adii:illr 
ill  the  other  direction  at  a  distance  of  tlirco  or  four  Kirchhoff's  scale  divisions.' 
Thi»  aDSwers  in  all  respei'ts  to  the  speclnim  of  a  conijionnd  body:  indeed  this 
eicellcnt  observer  subsequently  Hugitestfl  that  tiiose  hands  "  seem  to  fMjint  to  Kiich 
a  rednction  of  temperature  over  the  spot  nucleus  as  permita  the  fonnalion  of 
gaseous  compounds  by  elements  elsewhere  dissociated."  In  the  spectnim  of  a 
8un  8[iot  recently  obwrved  at  the  Rnyul  Observatory,  Greenwich  (Monthly  Notice 
Roy,  Astr.  Soc..  Nov.  9,  ]'i'').  a  dark  shaded  band  waa  seen  at  about  wave-ienglh 
G:!80,  ■'  sharp  ton-ard  tbe  blue  and  shaded  off  toward  the  red.  Nothing  seen  on 
the  aim  to  correspond  with  iL" 

I  If  tbene  band  npectra  are  rcjtnrded  as  tbe  apectrn  of  elements  in  the  stage  nf 
molecular  comploxitv  corresponding  to  the  molecule  giving  the  band  apectnim  ol 
iodine,  or  Ro^coe  or  Rebutter's  nen-  spectra  of  Na  and  Ka  (I'roc.  Roy.  Soc.,  uii. 
362),  the  argument  remains  unaffected,  since  these  band  Bpectrum-giviog  mole- 
cules are  spectroBCopically  equivalDnt  U>  (be  molecules  of  compound  b<>dieB. 
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examined  immediately  after  its  emergence  from  this  layer,  the 
oxygen  (and  nitrogen)  lines  would  appear  dark,  but  less  con- 
spicuous than  the  metallic  lines,  for  reasons  which  will  be  entered 
into  later  on  in  this  paper.*  After  traversing  the  chromosphere 
the  ray  reaches  the  zone  of  combustion,  in  which  region,  owing 
to  the  increased  temperature,  the  lines  of  all  elements  which 
extend  so  far  would  tend  to  be  reversed  into  bright  lines  of 
radiation.f 

[I  say  **tend  to  be  reversed,"  because  whether  they  would 
actually  become  so  depends  upon  the  specific  absorptive  power 
of  the  elements  concerned  for  the  rays  in  (question.  Thus,  let 
there  be  two  gases,  A  and  B,  of  which  the  spectral  lines  are 
Ao,  A/3,  Ay  and  Bo,  B^,  Ay  respectively;  and  let  the  specific 
absorptive  power  of  A  be  greater  at  a  given  temperature  than 
that  of  B.  Imagine  A  and  B  to  be  raised  to  incandescence, 
and  placed  in  front  of  a  source  of  white  light  at  a  higher  tem- 
perature, and  let  this  combination  be  called  the  **  first  system." 
On  examination  we  should  see  the  continuous  spectrum  crossed 
by  dark  lines,  Aa,  A/3,  Ay,  Be,  B/3  and  By,  of  which  the  first 
series  would  be  darker  than  the  second.  Now  conceive  the 
radiation  of  the  whole  system  to  be  weakened  by  general 
absorption  or  by  removal  to  a  distance.  The  lines  of  B  would 
first  disappear;  so  that  if  we  imagine  a  mixture  of  A  and  B 
(''second  system")  to  be  heated  to  incandescence  and  placed 
between  the  first  system  and  the  observer,  the  B  lines  might 
appear  bright  on  a  background  of  continuous  spectrum,  while 
the  A  lines  remained  dark,  although  weakened  by  the  radiation 
of  the  second  layer  of  mixed  gases.] 

Thus,  if  the  sun's  envelopes  exterior  to  the  zone  of  combus- 
tion could  be  stripped  off,  we  should  see  the  solar  spectrum 
with  the  lines  of  oxygen  (and  nitrogen)  bright,  and  the  hydro- 
gen lines  probably  dark  but  much  fainter  than  now  seen. 

8.  The  reversal  of  the  oxygen  (and  nitrogen)  lines  into 
bright  lines  by  the  increased  temperature  of  the  region  of  com- 
bustion is  rendered  possible,  even  with  the  intense  light  of 
the  photosphere  as  a  background  [and  if,  as  most  probably 

*  The  question  here  arises  as  to  what  order  of  oxygen  spectrum  we  should  ex- 
pect to  find  at  the  temperature  of  the  reversing  layer.  Dr.  Schuster  seems  inclined 
to  believe  that  the  temperature  may  be  such  as  to  g^ve  the  ''  compound  "  spectrum 
of  ^8  gas  (Nature,  vol.  xvii,  p.  148).  The  recent  observations  of  Lockyer  upon 
the  calcium  spectrum  (Proc.  Roy.  Soc,  xxiv,  352)  tend  to  show  that  the  tem- 
perature of  this  layer  is  intermediate  in  dissociation  power  between  that  produced 
by  a  small  coil  with  jar  and  a  large  coil  with  jar,  a  temperature  which  I  am  dis- 
posed to  beUeve  would  produce  a  state  of  molecular  dissociation  corresponding  to 
the  line  spectrum  of  oxygen. 

f  It  is  possible  that  the  temperature  of  the  chromosphere  may  fall  off  at  some 
particular  level,  so  as  to  g^ve  above  such  boundary  the  "compound"  oxygen 
spectrum.  Should  this  be  the  case,  the  higher  portion  of  the  chromosphere  may 
obviously  be  left  out  of  consideration,  so  far  as  relates  to  its  absorbing  action  on 
the  line  spectrum  of  oxygen. 
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wonld  be  the  case,  the  temperature  of  the  said  region  of  com- 
bustion is  lower  than  that  of,  the  photosphere],  because  the 
light  radiated  by  the  latter  has  undergone  almost  its  maximum 
amount  of  weakening  before  reaching  the  zone  of  combustion, 
not  only  on  account  of  the  distance  of  this  last  region  from  the 
photosphere,  but  also  because  of  the  absorption,  both  selective 
and  genera),  which  the  light  has  undergone  in  passing  through 
the  intervening  reversing  layer  and  chromosphere. 

9.  We  have  next  to  turn  our  attention  to  that  part  of  the 
sun's  atmosphere  exterior  to  the  zone  of  combustion,  in  order 
to  account  for  the  fact  that  the  hydrogen  lines  appear  so  in- 
tensely dark  while  the  oxygen  lines  are  bright  The  explana- 
tion which  I  venture  tt)  suggest  is  based  upon  a  wide  survey 
of  the  general  spectroscopic  characters  of  the  elements. 

10.  At  the  temperature  of  incandescence,  the  characteristic 
lines  in  the  spectra  of  any  elements  which  are  compared  may 
be  of  very  different  intensities.  Thus  Cappel  has  shown,*  by 
a  series  of  quantitative  determinations  made  at  the  temperature 
of  a  Bunsen  burner  and  of  an  induction  spark,  that  very  differ- 
ent amounts  of  the  metals  experimented  upon  can  be  delected 
by  means  of  the  spectroscope.  The  characteristic  lines  of  an 
element  are  those  which  Lockyer  has  shown  to  be  the  (ongesL 
Interpreting  such  facts  by  the  aid  of  the  molecular  theory  of 
gases  (and  making  due  allowance  for  the  fact  that  the  cbBiso- 
teristic  lines  of  the  spectra  being  compared  may  occur  in  parts 
of  the  spectrum  not  ti)5t/«%  comparable  so  far  as  regards  inten- 
sity), we  should  say  that  some  kinds  of  molecules  can  have 
certain  internal  vibmtions  more  readilv  excited  than  is  the  case 
with  other  kindc  From  the  relationship  which  exists  between 
radiation  and  absorption,  it  follows  that  molecules  which  have 
the  most  sensitive  radiative  organization  have  likewise  the  most 
sensitive  abnorptim  ot^^anization. 

11.  The  non-metals  are  distinguished,  as  a  group,  from  the 
metals  by  the  greater  complexity  of  their  spectra  (which  more 
resemble  the  band  spectra  of  compound  bodies),  and  also  by 
their  comparative  insensitivenesa  to  the  spectroscope.  Many 
of  the  metals  are  known  to  give  band  spectra  at  low  tempera- 
tures ;  but  these  break  up  into  line  spectra  at  high  temperatures. 
On  the  other  hand,  the  band  spectra  of  many  non-metals  bear 
temperatures  high  enough  to  break  up  the  band  spectra  of 
metals  without  being  resolved  into  line  spectra.  We  might 
thus  have  a  mixture  of  two  vapors,  one  metallic  and  the  other 
non-metallic,  at  the  temperature  of  incandescence,  the  former 
giving  a  line  spectrum  and  the  latter  a  band  spectrum.  If  we 
imagine  the  temperature  of  such  a  mixture  of  vapors  to  be 
raised  to  the  point  at  which  the  band  spectrum  of  the  non- 

•  Pogg.  Add.,  czixii,  628  (1810). 
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metal  breaks  up,  we  should  get  a  line  spectrum  from  both  ele- 
ments; but  the  metallic  lines  would  be  more  intense*  than 
those  of  the  non-metal,  owing  to  the  greater  sensitiveness  of  the 
metallic  molecule.  We  should  thus  have  realized  the  condi- 
tions laid  down  in  a  former  paragraph  (7),  where  A  would  then 
represent  the  metallic,  and  B  the  non-metallic  vapor. 

12.  It  now  remains  to  show  the  applicability  of  the  foregoing 
principles  to  the  case  under  consideration. 

The  oxygen  and  hydrogen  of  the  sun's  atmosphere  will,  for 
the  sake  of  simplicity,  be  exclusively  considered.  These  gases 
represent  the  metallic  and  non-metallic  vapors  of  the  last  para- 
graph. The  photosphere,  reversing  layer,  and  chromosphere 
represent  the  "  first  system  "  of  paragraph  7 — L  a  the  source  of 
white  light,  with  the  mixture  of  two  vapors  of  diflferent  specific 
absorptive  powers  in  front.  The  oxygen  and  hydrogen  of  the 
zone  of  combustion  represent  the  second  layer  of  incandescent 
gases  of  paragraph  7,  supposed  to  have  been  placed  in  front  of 
the  first  system,  the  total  radiation  of  which  is  imagined  to  have 
been  weakened  by  general  absorption  or  by  removal  to  a  dis- 
tance. It  has  been  shown  in  paragraph  8  that  the  total  radia- 
tion of  the  photosphere  has  probably  undergone  a  great  amount 
of  weakening  from  both  these  causes.  Thus  the  spectrum  of  a 
ray  which  reaches  the  zone  of  combustion  would  exhibit  (sup- 
posing the  zone  of  combustion  and  all  exterior  to  it  to  be 
stripped  oflf)  the  lines  of  oxygen  and  hydrogen  dark,  but  those 
of  tne  former  much  fainter  than  those  of  the  latter.  The  action 
of  the  incandescent  gases  of  the  zone  of  combustion  upon  such 
a  spectrum  would  be  to  reverse  the  oxygen  lines  and  to  weaken 
those  of  hydrogen. 

The  temperature  of  the  region  outside  the  zone  of  combustion 
must  fall  off,  so  that  any  oxygen  which  might  there  existf  would 
be  in  the  state  of  molecular  aggregation  corresponding  to  the 
compound  spectrum,  and  would  thus  be  without  action  on  the 
brignt-line  spectrum  of  this  gas,  but  would  give  rise  to  the  dark 
lines  of  its  compound  spectrum.  The  hydrogen  of  the  region  now 
under  consideration  by  further  absorption  intensifies  the  lines  of 
this  gas.  Thus  the  solar  spectrum  as  now  known  is  shown  to 
be  in  complete  accordance  with  the  hypothesis  here  advanced. 

*  **  In  a  tobe  oontaining  both  nitrogen  and  aqueous  vapor,  the  lines  of  hydrogen 
(spectrum  n  order)  made  their  appearance  at  the  same  time  as  the  spectrum  of 
baadfl  (I  order)  of  nitrogen,  whence  it  follows  that  the  lines  of  hydrogen  are 
Tisible  in  a  temperature  hi  which  the  lines  of  nitrogen  do  not  appear"  (Scnellen^s 
Spedmm  Analysis,  p.  171).  So  also  Frankland  and  Lockyer  found  that  in  a  tube 
oontaining  hydrogen  and  nitrogen,  the  lines  of  the  latter  gas  under  certain  oondi- 
tioiui  of  pressure  could  be  made  to  disappear  entirely,  while  the  hydrogen  lines 
under  all  conditions  remained  visible  (Proc.  Boy.  Soc.,  zvii,  454). 

f  It  may  be  supposed  that  the  oxygen  atmosphere  terminates  vrith  the  zone  of 
combfistion,  in  wmoh  case  Dr.  Schuster's  new  oxygen  spectrum  must  be  produced 
by  the  absorptive  action  of  the  gas  in  the  upper  regions  of  the  chromospnere  (see 
aliBO  note  to  paragraph  7). 
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Tbe  hypothesia  of  a  zone  of  combustion  in  the  higher  regiona 
of  the  sun's  nlmospliere,  asalreailv  staled,  furnishes  suggestions 
for  the  explanation  of  many  observed  facts  in  solar  physics 
hitherto  unaccounted  for. 

r  will  first  call  attention  to  the  intense  brilliancy  of  the  line 
D,  in  the  spectrum  of  the  chromosphere,  and  the  extreme 
faintness  of  the  eorrespondliig  dark  line  in  the  solar  spectrum.* 
If  we  consider  to  what  an  enormous  height  this  element  ex- 
lends,  bearing  also  in  mind  that  it  must  consequently  reach 
into  comparatively  cool  regions,  and  that  its  radiative  (and 
therefore  absorptive)  powers  are  very  great,  it  seems  improbable 
that  the  vast  thickness  of  this  gos  which  must  be  traversed  by 
a  rtiy  of  light  emitted  by  the  photosphere  should  be  barely  suffi- 
oient  to  reverse  its  spectrum,  ]f  the  existence  of  a  zone  of  com- 
bustion be  granted,  however,  this  region  becomes  the  source  of 
radiutinn  of  all  gases  which  extend  so  far.  Tiius  in  the  case  of 
the  Ug  element,  which  reaches  nearly  the  same  level  in  the  sun's 
atmosphere  as  hydrogen,  the  stratum  of  gas  exterior  to  the  zone 
of  combustion  is,  on  the  present  view,  alone  concenjed  in  revere- 
ing  the  line  under  consideration  :  and  this  stratum  rnay  he  of 
insufficient  thickness  to  produce  any  marked  absorption.  The 
"l-i7i"  substance,  however,  winch  rises  far  above  hydrogen,  ap- 
pears to  exist  in  sufficient  quantity  exterior  to  the  supposed  re- 
gion of  combustion  (or  its  speoiflo  absorptive  power  is  sufficiently 
great)  to  produce  it  marked  reversal  in  the  i?olar  spectrum. f 

The  hypothesis  advanced  in  the  present  paper  does  not 
nei.'essarily  imply  (at  least  und^'r  existing  .=olar  conditions)  the 
pi-oduction  and  accumulation  of  large  quantities  of  compound 
bodies  in  the  higher  regions  of  the  suns  atmosphere.  The 
zone  of  comiiusiion  may  be,  .so  to  s|)eak,  only  a  hwal  pheiionie- 

*  Thia  line  was  seen  in  July,  ISTT,  by  H.  C.  Ruswlt,  at  Sydney.  Tho  obaerrer 
stntes  tliiit  "itisnditBeult  line  to  see,  and  only  to  'le  mHde  out  witli  high  powers," 
The  jrreutest  diapersioa  of  tho  spectroscope  emplored  was  i?qual  to  eightccD  6i 
prisms  ( Month.  Not.  Roy.  Astr.  Soc.,  Nov.  B,  IHJT.'pp.  311-.^:;). 

+  Lockyer  has  recently  shown  (rompt.  Ilend..  Ixxsvi,  319;  Proc.  Roy.  Soc., 
xxrii,  2S'l)  timt  the  hlue  lice  of  lithium  (w.-l.  46(>3)  is  represented  in  the  solsr 
spectrum,  while  tho  reil  line  {w.-l.  GTOr.)  lias  uot  hitherto  been  detected.  The 
quealioa  sujcgeats  iUelf  whetliet  the  absence  of  this  lout  line  m.iy  not  also  be 
conncclecl  with  the  eiislonee  of  a  region  of  combustion.  The  low  atomic  weight 
of  lithinm  would  lead  to  the  belief  that  thin  element  extends  to  a  greul  height  in 
the  solar  atmosphere.  Tlius  tho  zone  of  combuBtioQ  might  be  the  source  of 
lithium  radiatiou,  and  at  the  temperature  of  the  sim  the  blue  line  may  be  the 
longe.-'t  (as  appears  probable  from  the  faet  that  this  line  requires  a  high  tempers, 
tiire  for  its  development);  so  that  the  vapor  above  the  region  of  comVmstion  nmy 
1)0  sufficient  to  reverse  the  blue,  but  insufficient  to  reverse  tlic  shorter  red  line. 
1  would  hero  aak  whether  the  bright  red  liiie  so  frequently  seen  in  the  upeclrum  of 
the  chromosphere  by  Lockyer  (Phil.  Trans.,  18G9,  pp.  US  and  429),  and  described 
aalwingleas  refrangible  than  C,  may  not  be  the  mi.ising  lithium  liuoT  I  may  add 
that  a  line  lose  refrangible  thao  C  hns  also  been  frequently  seen  by  Re-iipighi  at  the 
base  of  prominences.  It  is  liighly  aigniflcaut  tliat  during  Uie  eclipse  of  13CS  a 
blue  line  between  F  and  G  waa  seen  by  Rayel  in  the  spectrum  of  a  prominence. 
This  la  the  pOBitioa  that  would  be  occupied  by  the  litliium  line  w.-l.  4603. 
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non  confined  to  a  thin  shell  of  the  sun*8  outer  envelopes ;  and 
compounds  formed  would  be  rapidly  decomposed  both  by 
dissociation  and  chemical  reduction  by  being  swept  down  into 
the  underlying  hotter  regions  by  the  convection  currents  which 
take  place  on  such  an  enormous  scale  in  the  sun^s  atmosphere. 
The  heat  of  the  zone  of  combustion  may  also  contribute  to  the 
dissociation  of  compounds  formed  therein.* 

It  is  well  known  to  spectroscopists  that  the  solar  spectrum 
is  never  absolutely  free  from  the  so-called  **  telluric "  lines, 
which  have  been  shown  to  owe  their  existence  to  the  aqueous 
vapor  of  our  atmosphere.  It  is  possible  from  the  present 
point  of  view  that  these  lines  may  be  partly  caused  by  aqueous 
vapor  in  the  higher  regions  of  the  sun's  atmosphere.+  Should 
there  be  any  connection  between  the  activity  of  combustion 
and  the  formation  of  sun  spots,  a  rigorous  comparison  of  the 
**  telluric"  lines  in  the  solar  spectrum  carefully  observed  (or 
still  better,  photographed)  at  different  periods  of  the  spot  cycle 
would  be  of  the  highest  possible  interest.  Thus  it  may  be 
suggested  that  the  solar  combustion  varies  periodically  in  ac- 
tivity— combination  being  in  excess  of  dissociation  during  one 
half  of  the  cycle,  and  dissociation  being  in  the  excess  during 
the  other  half,  when  the  heat  resulting  from  the  combustion, 
having  reached  its  maximum,  tends  to  decompose  the  com- 
pounds formed.  This  view  points  to  the  belief  that  the  con- 
nection between  the  sun  spot  period  and  the  period  of  variation 
of  magnetic  declination  may  be  due  to  a  common  cause — the 
activit}'  of  combustion  in  the  sun's  atmosphere  and  the  result- 
ing variation  either  in  the  amount  of  free  oxygen,  or  in  the 
magnetic  characters  of  this  gas  consequent  on  variation  of  tem- 
perature. 

Sir  William  Thomson's  theory  of  the  dissipation  of  energy 
leads  to  the  belief  that  the  sun,  like  other  stars,  is  gradually 
cooling  down.  Thus  we  should  be  led  to  infer  d  prion  that 
there  must  be  a  period  in  the  life  of  a  star  when  compounds 
can  begin  to  form.  Such  combination  would  begin  in  the 
outer  and  cooler  portions  of  the  star's  atmosphere,  as  required 
by  the  present  hypothesis,  and  would  be  attended  with  the 
development  of  the  heat  representing  the  energy  of  chemical 
separation.  As  the  star  goes  on  cooling  down,  the  zone  of 
combustion,  at  first  a  mere  shell,  would  gradually  encroach 
upon  the  central  regions,  and  a  star  having  permanently  bright 

*  See  Bunsen's  experiments  on  the  combustion  of  different  mixtures  of  00  and 
H  with  0  (Pogg.  Ann.,  cxxxi,  161);  also  Berthelot  On  the  Chemical  Equilibrium 
of  C,  H  and  0  (Bull.  Soc.  Chun.,  [21  xiii,  99). 

f  I  may  here  recall  the  much  discussed  observation  of  Secchi,  who  asserted 
the  existence  of  water  vapor  in  the  neighborhood  of  sun  spots  (Compt  Rend., 
Ixriii,  238).  Janssen  also,  in  1864,  observed  aqueous  vapor  in  the  atmosphere 
of  Antares,  and,  in  1868,  in  the  atmosphere  of  many  other  stars  (Compt.  Rend., 
Ixviii,  p.  1846). 
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linos  in  its  spectrum  would  result.  In  the  earlier  stages  of 
what  may  be  called  the  "  chemical  period  "  of  a  star's  bistory — 
a  period  into  which  our  sun  may  be  supposed  to  have  entered 
— ibe  lines  of  the  non-metallic  element*  would  alone  appear 
bright,  for  the  reasons  detailed  in  the  foregoing  portions  of  this 
paper  (paragraph  11),  and,  owing  to  their  comparative  faint- 
ness.  would  be  lost  at  the  enormous  distances  which  the  light 
of  the  star  has  to  traverse  before  reaching  our  spectroscopes. 
When,  however,  the  region  of  combustion  bad  encroached  suffi- 
ciently to  reverse  the  metallic  lines,  these  would  shine  out  with 
much  greater  brilliancy  than  the  non-metatlic  lines,  and  we 
should  have  a  backgi-ound  of  continuous  spectrum  crossed  by 
the  bright  lines  of  the  metals  of  smallest  vapor  density.  Such 
stars  would  only  be  expected  among  ihose  which  are,  so  to 
speak,  in  the  latest  phase  of  their  "chemical  period."  It  is 
signi6cant  that  ^  Cassiopeiie,  ^  Lyrse  and  ly  Ai^o,  three  stars 
which  show  bright  lines  in  their  spectra,  all  have  sufficiently 
complex  spectra  to  warrant  the  belief  that  they  have  entered 
upoD  a  late  phase  of  their  existence.  Before  the  actual  reversal 
of  the  metallic  lines  there  must  exist  a  period  in  the  life  Jiistory 
of  many  stars  when  the  temperature  and  extent  of  the  zone  of 
combustion  is  such  as  to  obliterate  the  dark  lines  of  those 
metals  which  will  ultimately  appear  as  bright  lines.  Such 
appeals  to  be  the  caso  with  the  hydrogen  m  aOrionis;  and 
according  to  the  present  views  it  might  perhaps  be  predicted 
that  this  star  will  .sooner  or  laler  show  a  permanent  hydrngen 
spectrum  of  bright  lines.  It  is  conceivable  that  in  certain  cases 
the  composition  of  a  star's  atmosphere  may  be  such  as  to  per- 
mit a  considerable  amount  of  c<x)ling  before  any  combination 
took  place  among  its  constituents;  under  such  circumstances  a 
sudden  catastrophe  might  mark  the  period  of  combination,  and 
a  star  of  feeble  light  would  blaze  lorth  suddcnij*,  as  occurred 
in  1866  to  r  Corona;  Borealis.  In  other  cases,  again,  it  is  \xys- 
sible  that  the  composition  of  a  star's  atmosphere  may  be  of  such 
a  nature  as  to  h?ail  to  a  state  of  periodically  unstable  chemical 
equilibrium;  tliat  is  to  sny,  during  a  certain  period  combina- 
tioTi  may  be  going  on  with  the  accompanying  evolution  of  heat, 
till  at  length  dissociation  again  begins  to  take  phice.  In  this 
manner  the  phenomena  of  many  variable  stars  may  perhaps  be 
accounted  for.  On  the  whole,  the  possibility  of  actual  com- 
bustion taking  place  in  the  atmosphere  of  a  slowly  cooling  star 
previously  at  a  temperature  of  dissociation  does  not  seem  to 
me  to  have  had  sufficient  weight  attached  to  it:  and  in  con- 
cluding, I  would  point  out  the  important  factor  whieii  is  thus 
introduced  into  calculations  bearing  upon  the  age  of  the  sun's 
heat  in  relation  to  evolution. 
LondoD,  June  6,  1S78. 
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Art.  XXXIV. —  On  the  Explosion  of  the  Flouring  Mills  at 
Minneapolis,  Minnesota^  May  2,  1878,  and  the  Causes  of  the 
same ;  by  S.  F.  Peckham. 

As  I  was  sitting  at  the  tea-table  on  the  evening  of  May  2cl, 
I  was  startled  by  a  noise  that  sounded  as  if  something  as  heavy 
as  a  barrel  of  flour  had  been  tipped  over  on  the  floor  above. 
A  few  seconds  later  the  sound  was  repeated,  and  we  all  ran 
to  the  door  which  commanded  a  full  view  of  the  falls  and 
manufacturing  portion  of  the  city.  An  immense  volume  of 
black  smoke  enveloped  the  spot  where  the  Washburn  A  Mill 
had  stood,  and  a  perpendicular  column  of  smoke  was  projected 
into  the  air  above  the  elevator  at  least  four  hundred  feet  The 
Humboldt  and  Diamond  Mills  were  directly  behind  the  eleva- 
tor from  the  place  where  I  stood.  A  heavy  wind  was  blowing 
from  a  point  a  little  to  the  east  of  north,  a  direction  from  the 
Washburn  A  Mill  toward  the  elevator  and  the  other  two  mills. 
In  less  than  two  minutes  from  the  time  of  the  first  explosion, 
the  elevator,  which  was  108  feet  high,  was  wrapped  in  flames 
from  top  to  bottom.  If  the  structure  had  been  saturated  in  oil 
the  flames  could  not  have  spread  much  more  rapidly.  In  five 
minutes  flame  and  smoke  were  pouring  from  every  window  in 
the  Day  &  Rollins,  Zenith  and  Galaxy  Mills,  which  were 
between  the  Washburn  A  Mill  and  the  river,  producing  a  con- 
flagration which  from  ordinary  causes  would  not  have  gained 
such  headway  in  two  hours.  Six  flouring  mills,  the  elevator, 
a  machine  shop,  blacksmith's  shop  and  planing  mill,  with  a 
number  of  emptj  and  loaded  cars,  were  in  flames  in  five  min- 
utes from  the  time  fire  was  first  observed  by  any  one  who 
survived  the  disaster. 

From  my  own  point  of  observation,  which  was  about  a  mile 
distant,  but  two  distinct  explosions  were  heard  ;  others  nearer 
heard  three,  the  first  not  as  violent  as  the  other  two ;  while 
those  nearer  still  heard  in  addition  a  sound  which  they  de- 
scribed as  a  succession  of  sharp  hisses,  resembling  the  sound  of 
burning  gun-powder.  Those  observers  to  the  windward,  whose 
attention  was  arrested  by  the  light  produced,  beyond  the  distance 
of  half  a  mile,  heard  only  one  or  two  reports  or  failed  to  hear 
any  report  at  all.  From  all  the  testimony  in  reference  to  sound 
it  appears  that  the  blow  upon  the  air  was  not  sufficiently  sudden 
to  produce  a  penetrating  sound,  but  rather  a  dull,  heavy  blow, 
which  was  not  communicated  laterally  to  any  great  distance. 

Burning  wheat  or  flour  was  smelled  for  several  minutes 
before  the  explosion  by  persons  in  such  a  position  that  the 
wind  would  carry  the  oaor  to  them.  Smoke  was  also  seen 
issuing  from  what  was  known  as  the  exhaust  flour-dust  spout 
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of  the  Washburn  A  Mill  for  several  minutos  jireeeding  llie 
explosion. 

At  the  instant  the  esplosioii  occurred  iill  observers  agreed 
that  the  Washburn  A  Mill  was  brilliantly  illuminated  from 
basement  to  attic.  The  illumination  was  reflected  from  the 
water  at  and  around  the  falls  in  sucli  a  manner  as  to  remind 
one  observer  of  the  effect  of  a  brilliant  sunset  Another  com- 
pared it  to  the  reflection  of  sunlight  from  windows  when  the 
flun  ia  near  the  horizon.  Still  another,  who  was  crossing  the 
lower  bridge,  had  his  attention  called  to  what  appeared  to  be  a 
stream  of  tire,  which  as  he  described  it,  issued  from  a  basement 
window  and  went  back  again.  Immediately  thereafter  each 
floor  above  the  basement  became  brilliantly  illuminated,  ibe 
light  appearing  simultaneously  at  all  the  windows,  only  an 
appreciable  interval  of  time  intervening  as  the  stories  ignited 
one  after  the  other.  Then  the  windows  burst  out,  the  walls 
cracked  between  the  windows  and  fell,  and  the  roof  was  pro- 
jected into  the  air,  followed  by  an  immense  volume  of  smoke 
and  flame  wliich  ascended  to  an  estimated  height  of  from  six 
to  eight  hundred  feet  Aa  the  column  of  smoke  was  expanded 
and  borne  off  upon  the  wind,  brilliant  flashes  resembling  light- 
ning passed  to  and  fro. 

Two  men,  so  near  the  Humboldt  Mill  that  they  were  nearly 
buried  by  the  falling  rubbish,  and  on  the  opposite  side  from 
the  Washburn  A  Mill,  heard  a  loud  report  distmctly  while  the 
walls  of  the  Humboldt  Mil)  were  still  standing  and  at  the  same 
time  were  knocked  down.  Irnmediiitely  after  t!u;y  saw  (lames 
issuing  from  the  basement  windows  of  the  Ilumboldt  Mill  and 
at  the  same  instant,  before  they  could  regain  their  leot,  they 
e.Nperienced  a  second  shock  and  miraculou.-'ly  escaped  being 
buried  beneath  the  falling  walls. 

The  enormous  and  sudden  displacement  of  air  which  fol- 
lowed the  explosion,  and  the  tremendous  force  which  was  con- 
sequently e.xerted  latci-ally,  was  shown  in  tiic  condition  ol  the 
round-house  of  the  Cliicago,  Milwaukee,  and  St.  Paul  railro.id, 
and  the  broken  windows  in  all  directions.  The  lound-house 
was  a  wiKidcn  structure  about  forty  or  fifty  feet  from  the  I)ia- 
moud  Mill.  The  sills  were  drawn  imt  toward  that  mill  untd 
the  building  bui-st  letting  a  part  of  the  roof  fall  in  and  leaving 
the  sitles  staniling  at  a  sharp  angle.  Ordinary  windows,  and 
those  of  -strong  plate-glass  on  Washington  avenue  onc-fminh 
of  a  mile  distant,  were  projected  into  the  -street.  Not  only  the 
glass  but  the  sash  vvetit  out  bodily,  particularly  in  the  lower 
stories  of  the  buildings.  Persons  on  the  river  at  the  water's 
edge  noticed  a  disjilaceracnt  of  the  water  producing  a  wave 
estimated  to  be  eigliteeu  inches  high,  before  they  beard  the 
report  of  the  explosion. 
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Whole  sheets  of  the  corrugated  iron  with  which  the  elevator 
was  covered,  measuring  eight  by  two  feet  but  quite  thin,  were 
picked  up  on  the  east  side  of  the  river  more  than  two  miles 
aistant,  and  pieces  of  six-inch  flooring  from  two  to  ten  feet  long 
were  carried  to  intermediate  points. 

An  examination  of  the  ruins  of  the  several  buildings  showed 
that  the  walls  of  the  Humboldt  Mill  lay  upon  those  of  the  Dia- 
mond Mill,  and  those  of  the  Diamond  Mill  upon  those  of  the 
west  end  of  the  Washburn  A  Mill,  showing  that  the  buildings 
did  not  explode  simultaneously  but  successively.  The  Wash- 
burn A  Mill  evidently  exploded  first  from  fire  originating 
within  it,  and  the  high  wind  prevailing  at  the  time  carried  the 
flame  into  the  adjoining  mills  to  the  south  and  away  from  the 
mills  next  the  river.  There  was  enough  burning  middlings 
and  flour  thrown  through  the  broken  windows  of  the  latter 
mills  to  set  them  on  tire,  but  they  did  not  explode.  Some 
significance  may  attach  to  the  fact  that  the  three  mills  that  ex- 
ploded were  all  running  with  more  or  less  open  French  mid- 
dlings purifiers,  while  the  three  that  did  not  explode  had  been 
shut  down  for  several  days.  There  is  no  question  but  that  the 
French  purifiers  project  a  great  deal  more  dust  into  the  atmos- 
phere of  the  mills  than  those  that  are  enclosed,  but  I  have  no 
doubt  that  in  any  flouring  mill  suflBcient  dust  accumulates 
upon  beams  and  machinery  to  produce  an  explosive  atmos- 
phere if  from  any  cause  this  dust  is  scattered  into  the  air  and 
flame  is  communicated  to  the  mixture  while  the  dust  is  sus- 
pended. 

There  was  less  than  a  barrel  each  of  lard  oil,  lubricating  oil 
and  high-test  kerosene  in  the  Washburn  A  Mill  at  the  time  of 
the  explosion. 

There  is  absolutely  no  proof  that  any  explosive  material 
other  than  is  produced  in  the  manufacture  of  flour  from  wheat 
was  in  any  one  of  the  buildings  destro3^ed,  in  the  cai*s  around 
them  or  in  the  neighborhood.  The  testimony  of  mi  11- w rights 
conclusively  showed  that  fire  produced  by  heated  hearings  is 
of  such  extremely  rare  occurrence  in  flouring  mills  as  to  prac- 
tically exclude  such  a  cause.*  No  suspicion  of  incendiarism 
has  ever  been  expressed. 

A  slight  fire,  the  effects  of  which  were  in  no  wise  serious, 
occurred  in  the  Washburn  A  Mill  about  three  months  before 
the  explosion.  It  was  discovered  from  the  outside  of  the  mill 
that  smoke  was  issuing  from  a  spout  or  conductor  that  dis- 
charged the  air  that  was  drawn  through  between  the  stones. 

*  These  gentlemen  concurred  in  the  statement  that  the  spindle  which  carries 
the  stone  had  been  known  to  become  todded  into  the  socket  in  which  it  revolved, 
stopping  the  stone.  Wlien  asked  if  the  friction  produced  a  welding  heat  one  re- 
plied, '^  no,  no  where  near  it."  It  must  be  an  example  of  perfect  metallic  contact, 
producing  cohesion. 
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The  object  for  wbicb  the  air  is  drawn  through  is  to  cool  the 
stones  and  to  carry  oS  the  vapor  produced  from  the  wheat  hy 
the  rise  of  temperature  due  to  friction-  In  this  case  the  effects 
otjire  were  traced  back  from  ihe  outside  of  the  building  to  one 
of  the  sets  of  stones  on  the  north  side  of  the  mill  used  for 
grinding  middlings.  The  effects  of  fiame  however  diii  not  ex- 
tend beyond  the  blower  which  produced  the  exhaust  This 
led  to  the  conclusion  that  the  fire  did  not  enter  the  dust-bouse, 
although  the  smoke  must  have  passed  through  it.  It  is  sup- 
posed that  the  fire  was  caused  by  friction  between  the  stones, 
they  having  run  dry  from  one  of  the  causes  that  may  produce 
dry  stones, 

In  answer  to  enquiries  made  of  seveml  millers  in  the  Min- 
neapolis mills,  I  found  them  uniformly  of  the  opinion  that  the 
lueal  or  flour  as  it  left  the  stones  had  a  temperature  of  about 
100°  F.  or  less.  A  number  of  I'jireful  espenment*,  made  with 
an  ordinary  chemical  thermometer,  showed  that  the  wheat 
entere  the  stones  from  the  dryers  at  a  temperature  of  fully 
100"  F.  and  that  it  leaves  the  atones  at  120''-130°  F.  The 
,  temperature  of  the  ground  middlings  as  it  left  the  stones 
averaged  about  ten  degrees  higher. 

It  was  also  the  concurrent  testimony  of  millers  and  mill 
owners  that  dry  stones  are  of  comparatively  frequent  occur- 
rence, and  that  th^  are  prac^cally  unavoidable.  I  am  ocHi- 
vinced  th.it  in  the  Washburn  A  Mill  the  frequency  nf  danger 
from  dry  stones  was  considerably  increased  in  consequence  of 
the  large  number  of  stones  in  the  mill,  and  especially  from  the 
fact  that  so  few  men  were  employed  having  the  immediate 
ovcr.'^igbt  of  the  stones.  Only  two  men  were  employed  at  the 
same  time  for  the  forty-two  run  of  stone,  a  number  inadi'quiiie 
for  that  supervision  which  so  important  a  matter  demauiis,  as 
it  is  imi)ossible  from  the  large  space  occupied  by  so  many 
stones  and  the  noise  incident  to  their  action,  that  even  with 
the  usual  signals  employed  dry  stones  should  be  detected  as 
soon  as  tliey  become  a  source  of  danger. 

Obstruction  of  tlie  feed  from  any  one  of  a  number  of  acci- 
dental causes  will  ]>roduce  dry  stones:.  The  danger  arises  from 
the  friction  of  the  Ktoncs  heating  the  last  portion  of  the  grist 
that  remains  between  the  stones  to  a  temperature  sufficient 
to  char  it,  or  convert  it  into  a  substance  resembling  tinder, 
which  would  readily  ignite  from  a  spark  produced  hy  the 
stones  striking  together.  Another  souree  of  tianger  arises  from 
nails  or  gravel  passing  between  the  stones  with  the  grist  and 
increasing  the  friction,  producing  either  a  rise  of  temperature 
or  a  train  of  sparks :  jx^rhaps  both. 

I  am  aware  that  numerous  in,stauces  of  dry  stones  can  be 
cited  that  have  provetl  perfectly  harmless.     An  instance  is  on 
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record  in  which  a  run  of  stone  ground  each  other  all  night 
with  no  other  result  than  the  complete  removal  of  the  grooves 
which  gave  the  stones  a  cutting  face.  On  the  other  hand, 
cases  have  occurred  in  which  the  grooves  became  filled  with 
charred  wheat  of  a  dark-brown  color,  packed  into  them  so 
solidly  as  to  require  a  mill-pick  for  its  removal.  It  requires 
no  argument  to  show  that  tnis  tinder  thus  formed,  would  be- 
come ignited  from  a  train  of  sparks  that  would  inevitably 
follow  contact  of  the  stones  as  the  grist  became  compacted  or 
completely  removed  from  between  them.  It  was  lound  by 
experiment*  that  masses  of  flour  that  had  become  heated  and 
charred,  ignited  readily  and  smouldered,  but  were  inflamed 
with  considerable  difficulty;  but  it  should  be  borne  in  mind 
that  a  number  of  sets  of  these  stones  are  connected  with  a  com- 
mon spout  or  conductor,  through  which  a  strong  current  of  air 
is  being  continually  drawn  and  which  is  filled  with  a  dense 
cloud  of  very  fine  particles  of  starch  (chiefly)  heated  to  a 
maximum  temperature  of  140°  F.  Experiment  also  proved 
that  the  proper  mixture  of  flour-dust  and  air  would  not  burn 
explosively  except  when  brought  in  contact  with  flame. 
White-hot  wires  and  glowing  charcoal  only  burned  the  parti- 
cles in  contact  with  them.  But  it  was  found  that  burning  pel- 
lets of  charred  wheat  and  flour  would  ignite  wood  whicn  a 
strong  draft  of  air  readily  fanned  into  a  blaze.  Under  the  con- 
ditions previously  stated  with  a  draft  of  air  passing  through 
the  dry  stones  strong  enough  to  convey  the  pellets  of  smoul- 
dering tinder  into  the  common  wooden  conductor  an  explosion 
becomes  possible. 

It  is  urged  that  these  conductors  are  damp  from  condensed 
moisture,  and  also  that  a  large  amount  of  moisture  escapes 
from  the  wheat  and  is  conveyed  away  by  the  current  of  air. 
This  loss  is  no  doubt  correctly  estimated  at  from  five  to  six 
per  cent.  It  is,  however,  chiefly  during  the  first  grinding  of 
the  raw  wheat  that  this  loss  is  experienced.  The  middlings  is 
dryer,  is  ground  at  a  higher  temperature  and  is  ground  finer, 
producing  more  dust  The  higher  temperature  renders  the 
material  more  inflammable  and  at  the  same  time  ensures  a  more 
complete  solution  of  the  vapor  in  the  current  of  air.  More- 
over, the  first  fire  in  the  Washburn  A  Mill  was  traced  directlv 
to  a  set  of  stones  which  ground  nothing  but  middlings,  and  all 
that  is  known  concerning  the  origin  of  the  fire  that  produced 
the  explosion  confirms  the  supposition  that  that  fire  originated 
in  a  set  of  stones  on  the  opposite  side  of  the  mill,  which  was 
one  of  six  sets,  all  of  which  were  used  exclusively  for  grinding 
middlings,  discharging  into  a  common  spout  or  conductor 
which  communicated  directly  with  a  dust-house  in  which  the 

*  Experiments  made  by  Professor  L.  W.  Peck  before  the  coroner's  jury. 
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ctast  settled  to  the  amouDt  of  several  hundred  pounds  a  daj. 
An  explosion  in  this  conductor,  iiummunicatiog  flame  to  the 
duet-house,  would  scai-cely  lail  to  cause  the  successive  ex))lo- 
sions  of  the  dust-bouse  and  tha  diftcront  stories  oTthe  mill,  the 
shock  ol'  the  first  explosion  being  sufficient  to  throw  the  dust 
of  the  mill  into  the  air. 

Tlie  opinion  expressed  by  one  of  the  witnesses  at  the  inquest, 
'■tbat  stones  arc  liable  to  run  dry  at  any  time  by  neeiJenl,' 
and  that  "dry  stories  can  hardly  be  avoided  by  any  amount  of 
foresight."  appears  to  be  generally  entertained  by  millwrights, 
millers  and  mill  owners.  Let  it  be  grunted  that  all  experience 
shows  that  ninety-nine  percent  of  dry  stones  injures  nothing  but 
the  stones  themselves,  the  one  per  cent  of  residue  is  biiribened 
with  fearful  possibilities.  If  dry  stones  cannot  be  prevented  in 
small  mills  where  one  miller  has  charge  of  perhajis  pix  mn  of 
stone,  the  danger  is  more  than  proportionally  increased  in  a 
mill  where  one  man  has  charge  of  twenty  run,  both  with  refer- 
ence to  prevention  and  detection.  The  problem  therefore  for 
the  consideration  of  parties  immediately  interested  is,  how  to 
prevent  or  detect  dry  stones,  particularly  those  used  for  grind- 
ing middlings.  This  practical  problem  appears  to  be  funda- 
mental and  one  compared  with  which  all  others  are  without 
much  importanca  It  is  true  that  but  few  millers  are  without 
their  experience  of  minor  explosions  or  dashes  resulting  from 
careless  use  of  lanterns  or  open  lights.  Indeed,  I  have  lieen 
profoundly  impressed  with  the  generally  innocent  reputation 
of  liourinp:  mills  when  considered  in  the  light  of  the  inimeiise 
number  of  accidents  well-known  to  millers  and  insurance 
companies;  a  number  surprisingly  large  if  confined  to  those 
occurring  in  the  States  of  Minnesota  and  Wisconsin  within  ;i 
few  year.s  past.  The  remedy  in  such  cases  is  so  obvious  that 
the  most  oMlinaiy  care  and  intelligence  is  sufficient. 
University  of  Miaaeaota,  MinneBpolis,  June  30,  IS78. 


AliT.  XXXV.— 0«  Bdrceyile,  a  m-w  AiUimo>iale,frO}n  IlmlzHcn, 
Mexico;  by  J.  W.  Mallet. 

Among  some  Mexican  ores  fiiven  me  by  my  friend,  Sefior 
Mariano  Barcena,  one  of  the  Foreign  Commissioners  to  the 
Philadelphia  Exhibition  of  1870,  and  now  Director  of  the  Cen- 
tral Meteorological  Observatory  of  the  City  of  Mexico,  tliere 
were  several  specimens  of  a  heavy,  neitrly  black  minci'al,  which 
accompanies  Livingstonite*  at  Iluitzuco  in  the  State  of  Guer- 
*  Sulphide  of  antiaiony.  mercury  nud  iron ;  described  by  Bdreoaa  liimscU 
(NnturBlezo,  IST4  and  187^,  pp.  :46  and  17^).  Sulphur,  ciuDabar,  stibuite  and 
voleatiuLte  are  said  to  be  found  at  the  some  loeatity. 


r, 
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rero.  This  tarns  out  on  examination  to  be  an  antimonate  of 
hitherto  undescribed  character,  mixed  with  finely  divided  mer- 
curic sulphide  and  antimonic  acid. 

The  specimens  given  me,  one  or  two  of  which  originally 
weighed  more  than  half  a  kilogram  each,  while  I  saw  in  Seiior 
Barcena's  possession  much  larger  masses,  were  for  the  most 
part  of  columnar  structure,  with  long,  blade-like  prisms  of  im- 
perfect development  They  have  the  general  aspect  of  those  of 
stibnite  and  Livingstonite,  from  the  latter  of  which  species  this 
has  probably  been  formed  by  oxidation.  In  some  parts  the 
structure  was  finely  granular  or  quite  compact,  with  occasional 
honeycombing  by  little  cavities  and  pores.  Indications  of 
cleavage  were  observable  parallel  to  one  prismatic  face,  but 
this  was  in  all  probability  due  merely  to  the  pseudomorphous 
structure  of  the  material.  Brittle.  Fracture  tolerably  even. 
Hardness  =  5*5.     Specific  gravity  of  the  mineral  in  powder, 

reviously  boiled  with  water  to  remove  air,  =  6"343  at  20°  C. ; 

umps  gave  notably  lower  results,  owing  to  porosity.  Luster 
dull,  earthy,  on  some  surfaces  inclining  to  resinous  or  pitch-like. 
Opaque.  Color  very  dark  gray,  nearly  black.  Streak  ash-gray, 
with  a  slight  greenish  tint  Faces  of  the  pseudomorphous  crys- 
tals sometimes  coated  with  red  pulverulent  cinnabar,  and  some- 
times with  yellowish  white  antimony  ocher. 

Heated  alone  before  the  outer  blowpipe  flame,  the  mineral 
decrepitates  slightly,  turns  white  or  nearly  so,  and  becomes 
rounded  with  some  difficulty  on  the  edges,  giving  off  a  little 
white  fume;  in  the  reducing  flame  the  fume  becomes  more 
abundant  from  reduction  of  metallic  antimony,  followed  by 
volatilization  and  burning  in  the  outer  edge  of  the  flame,  which 
is  colored  greenish-blue.  A  fragment  heated  in  a  closed  glass 
tube  gives  off  water,  metallic  mercury,  black  mercuric  sulphide, 
and  a  very  little  oxide  of  antimony ;  in  a  tube  open  at  both 
ends  the  whole  of  the  mercury  is  deposited  in  the  metallic  state, 
the  sulphur  being  burned  off,  and  in  a  good  draught  of  air 
through  the  tube  more  oxide  of  antimony  is  carried  along  and 
deposited.  A  well  marked  white  antimonial  sublimate  is  pro- 
duced by  heating  on  charcoal,  and  if  sodium  carbonate  be  added 
the  antimony  is  easily  reduced  to  little  metallic  beads.  The 
mineral  in  powder  is  largely  dissolved,  in  the  oxidizing  flame, 
by  borax  or  microcosmic  salt  to  a  clear,  colorless  glass,  which 
becomes  turbid  in  the  reducing  flame. 

The  mineral,  even  when  finely  pulverized,  is  insoluble  in  hy- 
drochloric or  nitric  acid,  though  tnis  be  concentrated  and  at  the 
boiling  temperature.  Very  slightly  acted  on  by  boiling  solu- 
tion oJF  ammonium  sulphide.  On  boiling  with  a  strong  solution 
of  sodium  hydrate,  filtering,  acidulating,  and  passing  in  hydro- 
sulphuric  acid,  an  orange  precipitate  is  obtained  in  no  great 
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qiianttty.  Hydrogen  passed  over  tlie  powder  at  a  reJ  heat 
easily  reduces  metallic  antimony,  whicb  can  then  be  attacked 
by  acids. 

The  quantitative  analynis  was  made  by  Mr.  J,  R  Santos,  of 
Guayaquil,  Ecuador,  usmg  carefully  selected  specimens,  free 
from  visible  impurity,  and  repeating  several  of  the  principal 
determinations. 

He  obtained — 


Sulphur 2-82  -088 

Mercury 20-16  "104 

Calcium 3-86  -097 

Antimony 50- 1 1  -418* 

Oxygen  (by  difference) 17'61  1-101 

(constitutional 350) '"* 

Water  i  [    4-73 

(  lost  below  laO'C-t  1-23 
Silica  


I 


The  sulphur  was  pretty  well  ascertaiued  to  exist  altogeiber 
in  combination  with  mercury,  since  by  gentle  heating  until  this 
metal  was  all  driven  off  the  white  residue  was  found  to  contain 
but  an  nnweigbable  trace  of  sulphur;  moreover  the  ore  in  the 
finefit  powder  was  scarcely  acted  on  by  ammonium  sulphide, 
and  the  partial  solution  obtained  with  caustic  soda  gav^  no 
orange  precipitate  of  sulphide  of  antimony  on  addition  of  an 
acid  until  hydrosulphuric  acid  gas  had  been  used.  Deducting 
then  the  whole  of  the  sulphur  and  an  equivalent  amount  of 
mercury  (for  mercuric  sulphide)  from  the  above,  the  remaining 
figures  represent — 


Hg- 


H,0  . 

corresponding  to 

HgO 


[  =  R"0 


CaO . . 

Sh,0,  .- 28-5    }■=  nearly-^    r 

Sb,0, 180-5  6-3 

ir,0 __    194-    J  [6-8 

•  Using  the  atomic  weight  120  for  aotiniony,  the  correctneas  of  which  has  been 
rendered  most  probable  bj  the  recent  research  of  Profeaaor  J.  P.  Cooke, — This 
Journal,  February,  1878,  p.  123. 

j  -There  wns  scarcely  any  appreciable  loss  of  water  (which  was  of  course  deter- 
mined  direcUy)  from  this  temporatnre  or  less  up  to  more  than  200'  C. 
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or 

R"0 4 


with 


Sb,0, 1 

Sb,0, 6 


H,0  6-8f-^-^ 


Hence  the  mineral  is  apparently  a  mixture  of  mercuric  sulphide, 
antimonic  acid  (Fremy's — SbiOs-SHgO,*  or  H4Sba07.  8H2O), 
and  an  antimonate  of  calcium,  mercury,  and  triad  antimony 

of  the  formula  ou  q     [  .  (81)305)5,  corresponding  to  a  normal 

antimonate — M^O  .  SbjOs  or  M'SbOjj. 

It  diflFers  noticeably  from  all  the  natural  antimonates  hitherto 
described,  in  that  these  are  strongly  basic,  while  the  mineral 
now  described  contains  a  surplus  of  the  electronegative  anti- 
mony as  antimonic  acid  over  and  above  the  amount  necessarv 
to  form  a  normal  antimonate  with  the  electropositive  metals 
present  Calculating  on  the  basis  of  the  atomic  weight  of 
Sb  =  120,  monimolite  agrees  very  fairly  with  the  formula 
(R''0)4 .  Sb205,  or  Ri'Sb809 ;  Romeite  comes  nearest  to  (R"0)5 . 
(SbjO,)8 .  (Sba05)a,  or  R;'Sb;"SbjOa5  (Dana  makes  this  (R''0),. 
81320$ .  St^Os ;  ammiolite  of  Domeyko  agrees  best  with  (CuO)8 . 
SbjOs,  or  CugSbaOg,  while  Rivot's  analysis  of  a  similar  mineral 
from  Chili  comes  fairly  near  (CuO)8 .  (SbaOs^s  •  (Sb205)8,  or 
Cii4Sb8"Sb80i5  (which  may  perhaps  mean  (CuO)8 .  SbaOg . 
Sb205,  corresponding  to  Dana's  formula  for  Romeite);  while  in 
Bindfaeimite  the  atomic  ratio  of  PbO  :  Sb205  derived  from  the 
analyses  recorded,  ranges  from  IJ :  1  to  2f :  1,  even  assuming 
that  we  have  here  a  hydrous  salt  instead  of  a  mixture  of  anti- 
monic acid  with  one  of  more  strongly  basic  character. 

I  propose  to  name  this  mineral  Barcenite  (accented  on  the 
first  syllable)  in  remembrance  of  the  worthy  Mexican  gentleman 
from  whom  I  received  it;  his  scientific  work  and  zeal  for  sci- 
entific progress  are  honorable  to  himself  and  to  his  country. 

Uniyereity  of  Yirginia,  August  13,  1878. 

*  Yolgerite  was  described  as  a  natural  antimony  ocher  having  this  composition. 
Dana  remarks  (Mineralogy,  p.  188),  that  the  only  published  analysis,  by  Cumenge, 
on  material  from  Constantine,  Algeria,  corresponds  to  SbsOs .  4HsO.  By  my  cal- 
culation Cumenge's  figures  lead  rather  to  SbaOi .  SHgO,  or  SbsOs .  SbaO* .  6HaO. 
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Aet.  XXXVI. —  On  the  Intra  Mercurial  Planets ;  by  Professi)r 
J.  C.  Watsoj]  ;  from  tetters  to  the  editors,  diited  Ann  Arbor, 
Sepl.  3d,  5th  and  l7tb,  1878. 

AhN  Abbor,  Sept. .%  18T8. 

The  places  of  the  two  objects  observed  by  me  during  tbe 
total  L'clipse  of  July  29,  as  communicated  in  my  letter  of  Aug. 
13,  were  dorived  fmm  hurried  readings  of  the  circles  made 
immediately  after  ray  return  from  the  eclipse  expedition,  in 
ordt-r  to  be  able  to  answer  numerous  inquiries  addressed  to  me 
for  more  precise  information  in  regard  to  the  observations  than 
hitd  beeo  published  in  the  newspapers.  I  have  since  made  a 
more  careful  determination. 

When  I  came  to  examine  tbe  adjustment  of  tbe  hour  circle 
to  be  rend  upon  the  reading  circle,  I  noticed  that  there  was  a 
very  considerable  error  of  eccentricity,  which  was  shown  upon 
revolving  the  aliiiada  Having  atti-nded  to  the  adjustment  for 
parallelism  of  the  two  circles,  I  did  not  attempt  to  change  the 
eccentricity  error,  since  there  would  be  an  error  of  this  kind 
to  be  determined  in  changing  tbe  hour  circle  from  the  instru- 
ment to  the  reading  circle,  and  since  the  corrections  to  be 
applied  on  account  of  the  eccentricity  can  be  determined  from 
the  four  pointings  on  the  sun.  I  have  made  ten  readings  npon 
each  mark,  backward  and  forward,  so  that  each  reading  is  an 
independent  determination,  and  the  results  derived  from  tbe 
mean  of  these  readings  are  shown  by  tbe  following: 


Chronometer  Times. 

Woahinffton 

Object 

By  Xewfomli's.         liy  Walsou's 

Mean  Time. 

Observed. 

Circle  Reading. 

4"   3  .'"   aO 

5"   7'"   :tr 

Sun 

65''3rT>  ±0'-; 

10''  20'"    15' 

5   16   :(7 

{«) 

liil       i'O    ±0-4 

1"    311      J4 

5    17    46 

(*) 

15G      7-5    ±<'-5 

4      r.5      10 

5    22    51 

Suu 

161    38-3     ±0-.> 

5        ■;      50 

5    32    :u 

Sun 

150     7-0    ±o-;i 

5      4t!      55 

C    14    36 

Sun 

148  21-7    zbO-7 

By  uornparin^'  the  mo 

n  of  tbe  second  and  third   readinL'^ 

uiinii  ilie  san  with  the  tw 

o  extreme  re 

..dings,  I 

have  obtained 

the  following  expression  for  the  correction  for  eccentricity  : 

I!,=U+ 

103'-7ein  (R+e:t-2). 

and  hcMCC  we  derive; 

Washin^rtoTi  M.  T. 

Object  observed 

Corrorted  reading. 

5''      T"   31- 

Sun 

16J 

=    13'-7 

5      16      37 

(") 

159 

49--'? 

5      17      4ti 

[b) 

155 

1-8 

5    -i-i    r,\ 

Sun 

lliO 

25-2 

5      3'i      31 

Sun 

lo- 

5 7 -J 

G      U      36 

Sun 

in 

27-4 
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These  give  the  following  diflTerences  in  right  ascension  between 
{a)  and  (6)  and  the  sun  : 

(a)-0  {h)-o 

from  Aa  Aa 

S,=  -8°^  31-6*  ~26°*32-6» 

S,=  —8     37-6  —26     38-2 

S,=  -8     26-6  -26     26-6 

S,=  -8     31-5  —26     32-4 

and  using  the  diflferences  of  declination  as  already  given,  we 

obtain  the  following  results: 

Waahington  M.  T.        Object        Planet—  O  Apparent 

Aa  Ad  a  6 

1878,  July  29.   6*  16  37   (a)   -  8  32  -0°  22'  8  27   24   +18' 16' 
**  29.   5  17  46    (5)   -26  32  -0  35   8   9  24   +18  3 

As  already  stated  in  my  letter  of  Aug.  13,  there  is  no  un- 
certainty in  the  place  of  (a)  bevond  the  unavoidable  instru- 
mental error,  which  is  very  small.  I  saw  both  it  and  0  Cancri, 
and  it  was  fully  a  magnitude  brighter  than  the  latter.  In  re- 
gard to  (b)  it  is  possible  but  not  probable  that  the  pointing  of  the 
instrument  may  have  been  disturbed  by  the  wind.  I  marked 
the  position  on  the  hour  circle  first,  and  but  a  moment  was 
occupied  in  passing  from  the  eye  piece  to  the  hour  circle.  I 
believe  that  this  observation  can  be  relied  upon  as  giving  the 
place  of  a  second  intra-mercurial  planet. 

Ank  Abbob,  Sept  6,  1878. 

In  Professor  Young's  note  upon  the  recent  eclipse  published 
in  this  Journal,  p.  242,  he  states,  in  speaking  of  the  discovery 
of  Valcan,  that  Professors  Newcomb,  Wheeler,  Holden  and 
others  went  over  the  same  ground  and  found  nothing,  and  the 
inference  is  made  that  they  obtained  negative  evidence  of  some 
value  to  dispute  the  discovery  announced.  As  to  the  nature 
of  this  negative  evidence  Professor  Young  is  under  a  mistaken 
impression. 

1  happened  to  be  observing  near  Professor  Newcomb  and  I 
was  informed  by  him,  at  the  close  of  the  totality  of  the  eclipse, 
that  he  had  searched  north  of  the  sun.  Hence  he  could  not 
see  the  objects  which  I  observed. 

I  have  seen  Professor  Holden  since  his  observations  were 
made  and  he  told  me  that  he  had  been  misled  in  his  prepara- 
tions by  having  had  the  idea  from  the  statements  of  others, 
who  had  observed  total  eclipses,  that  the  illumination  of  the 
sky  would  be  very  much  less  than  it  really  was,  so  that  he  had 
observed  with  optical  power  insufficient  for  a  search  under 
these  circumstances.  He  used  a  hand  comet-seeker  of  two  and 
a  half  inches  aperture,  with  a  field  of  five  and  a  half  degrees, 
and  he  swept  twice  over  a  space  thirty  degrees  in  length  and 
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ten  degrees  in  breadth.     He  did  not  see  any  stars  notil  he 
swept  out  to  Mara  and  Begulua. 

Professor  Hall  told  me  that  he  had  searched  north  of  the 
Bun,  but  that  his  assistant  Mr.  Wheeler  had  searched  south. 
He  said,  however,  that  they  had  beeu  eompelled  to  use  a  very 
high  magnifying  power.  Any  one  who  has  tried  to  find  so 
bright  an  object  as  Jupiter  by  attempting  to  direct  the  tele- 
scope, with  a  high  power,  without  using  the  finder,  will  know 
how  uncertain  a  search  would  be  under  the  circumstances 
named. 

As  to  what  was  done  by  other  observers  I  have  no  direct 
information.  Mr.  Swift's  account  of  his  work,  as  published  in 
the  New  York  Tribune,  furnishes  important  corroborative  evi- 
dence. But  the  records  of  my  circles  cannot  be  impeached  bv 
all  the  negative  evidence  in  the  world.  There  are  no  known 
stars  in  the  places  which  they  give,  and  hence  I  cannot  be  mis- 
taken as  to  the  identity  of  the  objects  which  I  observed. 

While  referring  to  tlie  subject  of  negative  evidence,  I 
as  well  state  here  what  my  own  observations  give  in  this  respect' 
Between  the  limits:  Right  ascension  Q^'b'"  to9*'6™,and  declio- 
atioa  +17°  80'  to  4-19°,  I  swept  once  forward  and  once  back- 
wai-d,  carefully,  and  I  felt  certain  that  the  only  objects  beside&i 
known  stars,  down  to  the  seventh  magnitude  inclusive,  were 
the  two  whose  positions  I  recorded  on  my  circles.  I  condacted 
the  search  expeditiously,  but  with  great  care,  keeping  the  mo- 
tion (if  ihe  telcf^cojie  uniform;  nud  if  I  wore  ti>  rq}eat  llie 
obsL'rvations  I  would  not  vary  the  method  which  I  adopted  nor 
unilcrlake  to  exiimiue  a  region  of  greater  extent  in  the  same 
period  of  time.  I  cannot  conceive  of  asurer  method  of  reconl- 
iiig  the  position  of  an  object  observed,  under  the  circumstances 
of  these  ubservations,  without  danger  of  mistake. 

Ann  Ahbor,  Sept,  17,  ISTS, 
Sincf  the  letter.^  of  Sept.  Sd  and  otli  were  written,  I  have 
received  information  from  Professor  Newcomb,  Commander 
S!ini|ison,  U.S.N.,  and  Lieutenant  Bowtnan,  U,S.N.,  who  were 
observing  near  ine,  that  goes  to  show  that  it  is  highly  imjirob- 
ablc  that  there  could  have  been  any  disturbance  of  the  pointing 
of  my  instrument  on  (h),  which,  for  the  i-easons  stateil  in  my 
letter  of  Augu.st  IS,  was  not  verified,  in  this  instance,  after  the 
circles  had  been  marked,  and  whit'li  fact  it  was  proper  to  men- 
tion in  order  that  every  circumstance  connected  with  these 
observations  might  be  known  to  astronomers,  lly  telescope 
was  more  completely  sheltered  than  any  of  the  others  at  the 
same  station,  and  all  three  of  these  observei^s  state  that  there 
was  no  disturbance  of  their  instruments  at  the  lime  when  these 
observations  were  made.     I  find,  too,  that  the  direction  of  the 


^ 
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wind  was  such  that  its  force,  whatever  it  might  have  been,  was 
directed  almost  wholly  upon  the  motion  in  declination,  which 
was  securely  clamped.  And  besides,  I  have  made  experiments 
with  the  telescope  used  in  the  observations,  clamped  the  same 
as  it  was  then,  and  I  find  that  it  would  require  a  much  greater 
force  than  if  it  had  been  fully  exf^)osed  to  the  wind  to  change 
the  pointing  in  the  least  degree  sensible. 

I  have  also  lateljr  examined  (Sept  15),  with  the  same  tele- 
scope and  magnifying  power  used  in  the  eclipse  observations, 
the  stars  in  this  part  oi  Cancer,  with  the  moon  in  the  western 
sky  and  the  bright  twilight  in  the  east,  so  as  to  obtain  as  nearly 
as  possible  the  conditions  of  sky-illumination  which  existed  at 
the  time  of  the  eclipse.  I  have  a  very  distinct  recollection 
in  respect  to  the  brilliancy  of  the  stars  which  I  saw,  and  by 
observing  when  the  approaching  daylight  had  reduced  the 
light  of  certain  stars  which  were  east  of  the  sun  at  the  time  of 
the  total  eclipse,  so  as  to  be  just  visible  in  the  telescope  as  they 
were  then,  I  have  been  enabled  to  form  a  still  more  definite 
opinion  of  the  relative  brilliancy  of  0  Cancri,  the  two  new 
objects  which  I  observed,  and  (^  Cancri.  The  fainter  of  the 
two  planets,  that  near  0  Cancri,  was  certainly  brighter  than 
f  Cancri,  and  much  more  than  a  magnitude  brighter  than  its 
neighboring  star. 


Art.  XXXVII. — Letter  from  Mr.  Lewis  Swift,  relating  to  the 
discovery  of  Intra- Mercurial  Planets.  (Communicated  to  this 
Journal  bv  Admiral  John  Rodgers,  United  States  Naval 
Observatory,  Washington,  D.  C.) 

ROOHBSTEB,  N.  Y.,  Aug.  5th,  1878. 

Before  preparing  a  report  of  my  observations  of  the  total 
eclipse  of  July  29th,  as  observed  at  Denver,  I  hasten  to  lay 
before  you  the  facts  in  detail  of  my  supposed  discovery  of  an 
intra-Mercurial  planet. 

Having  a  comet  eye-piece  which  far  surpasses  all  others  that 
have  ever  come  under  my  notice,  I,  before  leaving  home, 
decided  to  devote  two  minutes  of  totalitv  to  searching  for  the 
hypothetical  Vulcan.  It  gives,  with  my  four  and  a  half  achro- 
matic, a  power  of  twenty-five,  and  has  a  field  of  1°  30^  flat 
and  sharp  to  the  edge.  About  one  minute  after  totality  I 
observed  two  stars  by  estimation  3**  southwest  of  the  sun, 
pointing  toward  the  sun,  of  about  the  fifth  magnitude,  or  what 
I  estimated  at  the  time,  as  bright  through  the  telescope  as 
Polaris  is  to  the  naked  eye.  How  much  allowance  ought  to 
be  made  in  estimating  magnitudes  so  close  to  a  totally  eclipsed 
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BUD,  I  do  not  know.  I  saw  them  three  times,  and  attempted, 
at  the  last  moment,  to  get  another  observation,  but  at  the  crit- 
ical moment,  a  little  clood  passed  over  the  sun,  and  I  hastened 
to  obaerve  again  the  sun  for  the  third  contact  and  attending 
phenomena.  At  each  of  the  observations,  by  careful  commri- 
eon,  they  appeared  exactly  of  the  same  magnitude,  and  botli  as 
red  as  Mars.  I  looked  closely  for  twinkling,  but  they  were  ae 
free  from  it  as  the  planet  Saturn.  They  both,  at  the  time, 
seemed  to  my  eye  and  mind  to  have  a  small  round  disk  about 
like  the  planet  Uranus.  Whether  the  disks  were  imaginary  or 
real,  I  cannot  tell,  but  every  time  I  saw  them  (the  stars)  the 
disks  attracted  my  attention.  Immediately  after  totality  I 
recorded  the  following  in  my  note-book.  "Saw  two  stan 
about  3°  southwest  of  sun,  apparently  of  the  fifth  magnitude, 
some  12'  apart,  pointing  toward  the  sun.     Both  red." 

Last  evening  I  experimented  with  my  telescope  with  the 
same  aperture  and  eyepiece,  to  verify  or  to  change  my  estimate 
as  to  distance  apart,  and  I  find  that  they  appeared  a  little 
farther  apart  than  half  the  distance  between  Mizar  and  Alcor, 
or,  aay,  about  T  instead  of  10'  or  12'  as  e3timate<l  at  the  time. 
Though  at  the  time  I  &itimated  the  direction  of  the  stars  as 
southwest  of  the  sun,  I  am  inclined  by  reflection  to  change  it 
to  south  of  west. 

One  of  the  stars  may  have  been  Theta  Oancri,  and  yet  there 
are  several  chances  against  a  planet  being  exactly  of  the  same 
ma^rnilude,  col nr  unit  apjicararifc,  ns  a  st;ir ;  and  it  appeai-s  to 
me  that  Theta  is  most  too  far  north.  I  would  not  be  surprised, 
if  the  truth  were  known,  if  both  were  planets. 

Prof.  Watson,  who  claims  to  have  seen  a  new  star  2^°  south- 
west of  the  sun  and  of  the  4'5  magnitude,  may,  when  he  pub- 
lishes iiis  olB-ervations,  throw  a  little  light  on  tlie  subjeoL 
Should  he  have  seen  the  same,  of  coiir.se  tlic  priority  of  discov- 
ery belongs  to  him  by  about  two  minutes.  Tliat  one  or  both 
are  intra- Mercurial  planets,  I  have  no  doubt  whatever. 

It  may  not  be  out  of  place  her'e  to  say  that  I  was  led  to  the 
discovery  by  an  accident,  the  result  of  cartdessness.  A  strong 
and  fitful  breeze  was  blowing  from  the  southeast  which  shook 
my  telescope,  the  eijuatori-ii  mounting  being  not  ve\y  substan- 
tial, part  of  it  having  been  made  after  reaching  Denver.  To 
prevent  this  shaking,  I  laid  a  pole  about  ten  feet  in  length 
across  the  tube  near  the  eye-end,  the  other  resting  on  the 
ground  to  the  west  of  the  telescope.  Theu,  for  fear  it  would 
fall  against  my  head,  I  tied  it  to  tlie  tube  with  a  string.  As  I 
followed  the  sun,  the  pole  would  easily  drag  along  the  gi'ound. 
I  intended  to  remove  the  pole  at  the  commcncemeut  of  totality, 
but  in  the  excitement  I  forgot  it.  When  I  began  to  sweep 
along  the  ecliptic  for  Vulcan,  I  found  to  ray  horror,  that  if  1 
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attempted  to  move  the  telescope  to  the  east  of  the  sun,  the 
lower  end,  by  plunging  into  the  ground,  would  prevent  me, 
and  I  was  therefore  compelled  to  devote  all  my  time  to  the 
region  west  of  the  sun,  which  accounts  for  my  getting  so  many 
views  of  the  objects.  From  this  cause,  also,  the  sweeps  were 
very  irregular. 

I  wish  astronomers  with  large  instruments  would  make  the 
attempt  to  observe  Theta  Cancri,  before  the  sun  withdraws  too 
far,  and  if  successful  then  the  objects  seen  by  me,  we  need  not 
despair  of  their  being  again  observed  at  some  future  time  with- 
out a  total  eclipse  or  even  in  transit 

Let  the  experiment  of  detecting  a  star  of  the  4*5  or  5  mag- 
nitude, and  from  2^  to  6°  from  the  sun,  at  a  large  or  annular 
eclipse,  be  tried.  The  result  may  be  to  settle  this  question,  and 
remove  all  doubt.  Kespectfully  yours, 

Lewis  Swift. 

Bear  Admiral  John  Bodgebs, 

Superintendent  United  States  Naval  Observatory,  Washington,  D.  C. 


SCIENTIFIC    INTELLIGENCE. 

L  Chemistry  and  Physics. 

1.  On  the  Determination  of  high  Melting  and  JBoiling  Points. — 
Cabnklley  has  improved  and  extended  the  method  for  determin- 
ing high  melting  points  which  he  proposed  in  1 876.  The  method 
is  the  usual  one  for  specific  heat,  the  temperature  being  calculated 
from  the  ordinary  formula.  Two  sources  of  error  have  now  been 
detected  and  corrected :  one,  the  excess  of  heat  coming  from  the 
suspending  wire  of  the  crucible  which  proved  to  be  large  enough 
to  influence  the  result ;  and  the  other,  a  false  water  equivalent 
for  the  calorimeter.  The  former  error  was  eliminated  by  using  a 
finer  suspending  wire ;  the  latter,  by  calculating  the  true  value 
from  the  formula  MS(T— ^)  =  (W+t/?)(^— «),  m  which  M  the 
weight  of  the  crucible,  S  the  specific  heat  of  platinum,  T  the 
melting  point  of  a  salt  as  determined  by  a  thermometer,  t  the 
initial,  0  the  final  temperature,  W  the  weight  of  water  and  w  the 
water  value  of  the  calorimeter,  are  all  known  but  the  last,  several 
salts  whose  melting  points  were  accurately  known  being  used  in 
the  experiments.  In  this  way  9*8  was  fixed  as  the  calorimeter 
constant.  The  values  obtained  after  making  these  corrections, 
gave  melting  points  entirely  trustworthy.  The  numbers  repre- 
senting these  are  given  in  a  table,  varying  from  boric  acid 
B(OH),  186',  to  sodium  sulphate  Na,SO,  861°,  and  including 
about  a  hundred  salts. 

In  connection  with  Williams,  Camelley  has  applied  the  above 
results  to  the  determination  of  high  boiling  points.  Fragments 
of  salts  whose  melting  points  are  known  are  placed  in  the  vapor 
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and  piamined  to  see  if  ihey  melt.  Various  devices  are  employed 
ill  applying  the  method,  which  are  liescribed  in  the  paper.  In 
the  case  of  HgCl,  for  eiaiuple,  NnClO  melt«  in  itB  vapor  while 
NaNO,  doee  not;  hence  its  boiling  point  is  between  SO'l'  and 
Slti",  Observation  with  a  thermometer  gives  it  as  303".  Anthra- 
cene vapor  fases  ENO,  but  not  KCIO,,  hence  it«  boiling  point 
is  between  339°  and  38«'.  Tballous  iodide  Til.  boiling,  melt* 
NaCI  and  Pb{POJ,  but  not  PbP.O,  or  Nn.CO,;  ita  boiling  point 
is  therefore  between  800°  and  806".  The  authors  hope  shortly  to 
be  able  to  fix  the  boiling  points  of  K,  Na,  Mg,  Tl,  etc.,  in  this 
way. — Jour,  Chem.  Son.,  xxxiii,  273,  261,  Jnly,  1878.       G.  F.  B. 

2.  On  the  Vapor  Density  of  TTtallous  cMoritle  and  Ltad 
chloride. — Robcos  has  ainipUfied  Deville  and  Troost'a  mtsthod  of 
vapor  density,  desiring  only  to  cive  it  sufficient  accuracy  to  fir 
molecnlar  weights.  A  long-necked  porcelain  globe,  of  about 
900  o.c,  capacity,  containing  from  3  to  9  grams  of  the  eabstance 
to  be  examined,  is  loosely  closed  with  a  stopper  of  burned  clay  and 
placed  in  a  muffle  until  no  more  vapors  escnpe  and  the  temperature 
18  constant.  The  globe  is  then  removed,  allowed  to  cool  and  the 
amount  of  substance  it  contains  is  determined  by  analysis.  The 
temperature  of  the  muffle  is  fixed  calorinielrically  by  placing  in 
it  at  the  same  time  a  weight  of  platinum  of  known  value.  It 
may  be  checked  by  the  use  of  a  second  balloon  containing  mer- 
cury.    Ill  five  consecutive  experiments  with   mercury,  the  tem- 

Seratores  being  1019°,  694°,  %lb°,  972°  and  1047°,  tb«  vapw 
ensity  of  mercury  vapor  was  found  to  bo  6'9-2,  8'75.  fl"91,  5'77, 
and  7'05;  or  ri-dS  ay  a  mc;m.  In  the  ciise  oi'  thallouH  .hloHile 
seven  experiments,  at  temperatures  of  8-^9°,  828°,  1015°,  8-19°, 
1026°,  852"  and  8;)7'.  g.ive  8-15,  8-2H,  8-06,  7-43,  8-75,  8-(io  and 
7-^4  .as  the  density  of  its  vapor.  The  calculated  value,  assumiiijr 
till!  molecular  weight  to  be  238-07  and  tlie  formula  TICl,  is  8-4H. 
The  vapor  density  of  lead  chloride  determined  in  this  way,  requir- 
ing however  a  higher  temperature,  was  9-12,  9-72,  9'51  and  lf64, 
.It'  ]04ii'',  llisd°,  1077°  and  1070"  respectively,  the  theoretical  value 
for  I'bCl,  with  a  molecular  weight  of  277'14,  beini:  9-62.— Be/-. 
JJerl.  Vlieiii.  Oes.,  xi,  ll!»«,  June,  1878.  "        u.  f.  b. 

3.  On  the  Action  of  .Ste'ttH  on  Ignited  C'A'/rco«/.^Liixi;  has 
made  a  series  of  ex|>erinionts  under  the  diR'Ction  of  Lotliar  Meyer, 
to  ascertain  whethoi-  the  carbon  dioxide  jnodnced  by  the  nciion 
of  steam  on  ignited  wood  charcoal  standtt  in  any  tixeil  it^lation  Xo 
the  cai'honoiis  oxide.  The  charcoal  was  purified  by  treatment 
with  boiling  nitric  and  hydrochloric  acids,  and  thorough  washing;. 
a  porcelain  tube  60  cm,  long  was  filled  with  it,  placed  in  a  furnacf. 
beatetl  to  redness  and  ste.im  driven  through  it,  the  gas  evolve! 
being  collected  over  water,  and  analysed  by  Bunsen's  method. 
In  the  first  series  of  experiments,  the  results  were  ni^  uniform  fur 
successive  portions  of  gas,  the  CO,  increasing  and  the  CO  dimin- 
isliiiig,  Moreover,  two  volumes  of  hydrogen  should  appear  for 
every  volume  of  CO.^  and  one  for  each  volume  of  CO ;  but  tiii^ 
was  not  the  case,  the  hydrogen   being  always  too  low.     These 
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resalts  being  confirmed  by  a  second  series  of  experiments,  the 
author  made  direct  tests  to  see  if  this  error  was  due  to  an  actual 
loss  of  hydrogen  or  to  an  introduction  from  without  of  carbon 
dioxide.  On  filling  the  tube  with  charcoal,  displacing  the  air 
with  hydrogen,  closing  one  end,  attaching  a  potash  apparatus  to 
the  other  and  heating,  250  c.  c.  of  CO,  were  collected  in  two 
hours.  Hence  the  discrepancy  in  the  analyses  arises  from  absorbed 
gases  in  the  charcoal,  either  CO,  directly  or  free  oxygen,  and 
diminishes  as  the  operation  continues.  Making  allowance  for  this 
excess,  no  simple  relation  appears  between  the  two  oxides  of  car- 
bon. 'Vhe  amount  of  carbonous  oxide  formed,  however,  appears 
to  be  determined  by  the  amount  of  charcoal  present,  diminishing 
steadily  as  this  lessens.  This  can  only  be  explained  by  supposing 
that  the  first  action  of  the  steam  upon  the  coal  is  to  produce  car- 
bon dioxide,  and  that  this,  by  the  further  action  of  the  coal, 
is  reduced  in  part  to  carbonous  oxide,  in  precise  analogy  with  the 
ordinary  action  of  oxygen  upon  carbon.  If  the  carbonous  oxide 
be  in  contact  with  an  excess  of  steam,  a  reduction  of  the  steam 
takes  place.  CO+H,0=CO,-}-H,.  In  practice,  probably  all 
three  of  these  reactions  go  on  simultaneously,  the  relative  quanti- 
ties of  steam  and  charcoal  determining  the  proportion  of  the 
gaseous  constituents. — Liehig^s  Ann,,  cxcii,  288,  June,  1878. 

G.  F.  B. 

4.  On  the  Reduction-product  of  Grwn  Elemi  by  Zinc-dust — 
CiAMiciAN  has  continued  his  reduction  experiments  with  the  gum- 
resins  and  has  now  submitted  gum  elemi  to  the  action  of  zinc- 
dust.  Commercial  gum  elemi  was  treated  first  with  cold  alcohol, 
and  the  residue  of  this  operation  was  recrystallized  from  hot  alco- 
hol, and  obtained  in  long  needles  in  wavel lite-like  groups.  The 
reduction  was  efiTected  as  in  the  case  of  abietic  acid,  the  vapors 
being  passed  over  ignited  zinc  dust.  From  800  grams  of  the 
crystallized  gum  300  c.  c.  of  a  brown  oil,  lighter  than  water,  was 
obtained.  Distillation  in  steam  gave  a  volatile  portion  (A)  and  a 
tarry  portion  (B).  The  former,  after  boiling  with  sodium,  was 
fractionated.  Two  products  resulted,  one  boiling  at  111°  and 
easily  recognized  as  toluene;  the  other  boiling  at  158°~160°,  a 
colorless  oil  of  peculiar  aromatic  odor,  was  evidently  ethylmethyl- 
benzene.  The  firat  gave  benzoic  acid  on  oxidation,  the  latter  a 
mixture  of  isophthalic  and  terephthalic  acids.  Hence  both  para- 
and  meta-ethylmethylbenzene  were  present  in  this  latter  fraction. 
Portion  B  afforded  after  treatment,  a  colorless  liquid,  boiling 
between  260**  and  262°,  having  an  aromatic  odor  resembling  that 
of  naphthalene,  and  a  specific  gravity  near  that  of  water.  Analy- 
sis and  its  oxidation  products  fixed  it  as  etbylnapthalene.  Hence 
toluene,  meta-ethylmethylbenzene,  para-ethylmethylbenzene,  and 
ethyl-naphthalene  are  the  products  of  the  reduction  of  gum  elemi 
by  zinc  dust. — Ber,  JBerl,  Chem,  Oes,^  xi,  1344,  July,  1878. 

G.  F.  B. 

6.  On  the  Constitution  of  Starch, — Muscijlus  and  Grubkr 
have  made  further  experiments  in  support  of  the  view  advanced 
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by  the  former  of  these  chemists,  that  the  sacchaiific&tion  of 
starch  by  diastase  or  dilute  acids,  should  be  considei-ed  a  splitting 
into  a  dextrin  and  sugar  siiiiullaneously.  They  now  find  that  the 
action  of  the  above  agents  on  starch  produces :  let,  eoluble 
starch,  soluble  in  water  at  CO^-eo",  colored  wine-red  by  ioiUne 
when  in  solution,  bine  when  dry,  rotatory  power  [«]=;-f  218, 
reducing  power  =6  ;  2d,  erythrodextrin,  eoluble  in  cold  water, 
colored  red  by  iodine,  both  in  solution  and  solid,  easily  attacked 
by  diastase ;  3d,  aohroodcstrin  n,  not  colored  by  iodine,  rotatory 
power  [<t:]=:-|-2I0,  reducing  power  ^12,  partially  sacchariiiable 
by  diastase;  4th,  achroddextrin  fS,  rotatory  power  fa-]^+l90, 
reducing  power  ^12,  unacted  on  by  diastase  in  24  hours  ;  6tb, 
achroddextrin  y,  rotatory  power  [ct1^+ 150,  reducing  power  ^28, 
uiiattackable  by  diastase,  converted  into  glucose  by  sulphuric  acid 
only  after  long  boiling;  8th,  maltose,  formula  C,,HjjO,  ,,H,0, 
rotatory  power  [(!■]=+ 150,  reducing  power  =((6,  unacted  on  by 
diastase,  but  fermentable;  Tth,  gincose,  CjHjjOj.HjO,  rotatory 
power  [«]  =  + 67,  reducing  power  =10i:,  fermentable.  The 
authors  hence  consider  starch  as  (C,g\\.^^0,g)„  iu  which  the 
exact  value  of  n,  which  cannot  be  lesH  than  nve  or  sis,  is  yet  to 
be  determined.  Under  the  influenoe  of  ferments  or  of  dilute  acids, 
it  undergoes  a  series  of  hydrations  and  successive  splittings, 
forming  at  each,  maltoBe  and  a  new  de.xlrin  having  a  less  molecu- 
lar weight.  The  value  of  n  becomes  less  and  Iobs  until  the  y 
form  of  aohroSdextrin  m  reached,  which  b  transformed  by  dmple 
hydration  directly  into  maltose,  which  again  splits  into  glucose. — 
Ihill.  .So.:  Chim.,  n,  xsx,  54,  .luly,  IRT^*.  G.  f.  b. 

6.  Synthesis  of  Indigo-liUie. — Early  in  the  present  year,  Baeyer 
showed  that  oxiudol  was  identiciil  with  orthoamidophenylawlio 
acid,  anil  hence  h.ad  the  forniul.i  C^H^  -  ^j.' |  .  In  order  to  pro- 
duce isatin  synthetically  from  this,  it  is  only  necessary  to  reverse 
the  process  by  which  oxiudol  i^  produced  from  isatin ;  ;,  e.,  to  con- 
vert the  CIIj  group  iu  the  above  formula  into  CO,  This  the 
author  has  now  succeeded  in  doing,  not  by  direct  bnt  by  indirect 
oxidation.  From  nitrosouxindol  C.ll. -,  vxt^  '  i  which  con- 
tains the  nitroKvl  group  in  the  right  position,  amidoiixindol  C,H, 
j  x-tji __l  's  producetl  by  i-educlion,  and  from  this  by  oxida- 
tion with  ferric  or  cupric  chloride  or  even  with  nitrons  niid,  isatin 
C„n^-j  x-|[_i  is  produced.     The  reduction  of  this  to  indigo-blue, 

effected  long  since  by  the  author  in  conjunction  with  Kuimerling, 
by  the  notion  of  phosphorous  chloride,  acetyl  chloride  and  pho 


phorus,  he  now  finds  to  take  place  in   two  stages.     In   the  first, 
produced  by  the  action  of  jlliosphoiic  chloride  upon  isatin,  an 

imidchloride  of  isatin  results,  C,1I.  ]  1^,^^,',.     Thia,  by  reduction 

with  phosphorus,   zinc  dust,  or  preferably  with  ammonium  sul- 
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phide,  gives  flocks  of  indigo  blue. — Ber.  JBerl.  Chem.  Ges.y  xi, 
1228,  1296,  June,  July,  1878.  g.  f.  b. 

7.  On  AnthrarfJifin^  a  third  Dioxyanthraquin.one, — Schunck  and 
RoKMBB  have  shown  that  when  concentrated  sulphuric  acid  acts 
on  metaoxybenzoic  acid,  two  products  are  formed,  the  one  soluble, 
the  other  insoluble  in  water.  From  the  latter  two  other  substances 
may  be  derived,  the  one  soluble  in  barium  hydrate,  the  other  in- 
soluble therein.  The  former  of  these  bodies  consists,  as  the 
authors  have  already  shown,  of  two  dioxyanthraquinones,  anthra- 
flavic  acid  and  metabenzdioxyanthraquinone.  They  now  show 
that  the  substance  insoluble  in  barium  hydrate  contains  a  third 
dioxyanthraquinone,  to  which  they  give  the  name  anthrarufin. 
The  product  of  the  reaction  of  sulphuric  and  oxybenzoic  acids  is 
thoroughly  extracted  with  water  and  barium  hydrate.  A  brown- 
ish-black powder  results  from  which  the  new  isomer  of  alizarin 
may  be  prepared  by  taking  advantage  of  its  volatility.  Placing 
the  powder  Detween  two  watch  glasses,  and  heating  these  to  120®- 
1 30  ,  an  orange-yellow  sublimate  is  obtained  in  needles.  Recrys- 
tallization  from  glacial  acetic  acid  gives  it  pure.  Anthrarufin 
fuses  at  280°,  is  difficultly  soluble  in  alcohol  with  a  yellow  color, 
crystallizes  in  yellow  quadratic  iridescent  tables,  and  is  soluble  in 
concentrated  sulphuric  acid,  the  solution  being  cherry  red  in 
transmitted  and  kermes  red  in  reflected  light.  Dilute  solutions 
show  two  sharp  absorption  spectral  bands,  and  a  third  weaker. 
One  part  in  ten  million  of  sulphuric  acid  shows  a  carmine  red 
color  in  a  layer  an  inch  thick,  minute  quantities  of  nitric  acid 
change  the  color  to  an  intense  yellow.  Potassium  hydrate  dissolves 
it  to  an  olive-yellow  color.  Insoluble  in  sodium  carbonate,  and 
yields  a  green  fluorescent  reduction  product.  Gives  with  acetic 
oxide  a  diacetyl  derivative  in  yellow  needles,  fusing  at  245°. — 
JBer,  JBeri,  Chem,  Qes,^  xi,  1176,  June,  1878.  g.  f.  b. 

8.  On  a  JFluorescein-carbtmic  acid. — The  remarkable  bodies 
discovered  by  Baeyer,  the  phthaleins  of  the  phenols,  have  their 
origin  in  the  great  facility  with  which  phthalic  acid  becomes  an 
anhydride,  and  hence  combines  easily  with  hydroxylbenzenes. 
ScHBEDEB  has  sought  to  ascertain  whether  acids  with  neighboring 
carboxyls,  such  as  trimellitic  acid,  which  has  the  position  1:2:3, 
would  not  act  similarly,  retaining  however,  the  carboxyl  group. 
For  this  purpose,  a  quantity  ol  trimellitic  acid  was  heated  to  200° 
with  resorcin,  and  yielded  a  substance  resembling  fluorescein,  but 
containing  a  carboxyl  group ;  to  which  consequently  the  author 
gives  the  name  fluorescein-carbonic  acid.     It  has  the  formula 

(CO C.HJOH 

C.H.]C0 C.H.0 

and  appears  as  a  light  ochre-yellow  powder,  scarcely  soluble  in 
water  out  soluble  in  alcohol,  ether  and  benzene.  The  barium  and 
calcium  salts  were  prepared,  and  also  acetyl,  dibrom  and  tetra- 
brom-derivatives. — Ber.  Berl.  Chem.Ges.y  xi,  1340,  July,  1878. 

G.  F.  B. 
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0.  On  New  Colorin;/  Mattern,  aa  Malachite  green. — Doebnek 
Bumetime  &ao  nliowed  that  the  syiitbeeis  of  aromatic  osyketouee 
coalil  lie  effeutcd  by  acting  on  the  benzoic  ether  of  a  phenol, 
either  with  benzoyl  chloride  and  zinc  chloride,  or  with  benco- 
trichloride  and  zinc  oxide;  there  being  produced  in  both  esses 
the  body  C.U^CO ,  C,H,OCOC,H„  from  which  by  saponificatian 
benzoylpbenol  C.H.CO.CHOH  lesnlted.  If  now  lu  pluce  of 
the  ethttr,  the  phenol  itself  be  employed,  and  it  be  heated  with 
lieiizoyi  chloride  in  presence  of  dehydrating  aabstances,  coloring 
matters  are  produced.  The  effect,  however,  is  much  greater  ff 
tertiary  aromatic  bases  are  employed  in  place  of  the  phenols, 
magnificent  green  coloring  matters  being  produced.  One  of  these 
has  already  been  introduced  for  some  time  into  commerce,  pre- 
pared by  the  action  of  benKO-triehloride  upon  dimethyluniUue, 
and  kiioBii  under  the  name  of  malachite  green.  It  affords  on 
analysis  the  formuln  t^^„H„N,  and  has  the  constitution 

C,H,(> C.li.N(CH,), 

I  ^'^ClINfCH.)  ^k 


— £er.  Bed.  Vhem.  Ge».,  xi,  1230,  Jane,  1878.  tf.  f.  b. 

10.  Electrolytic  methods  of  deCermininff  lead,  copper,  einc  and 
KicAet — In  the  Aniiales  de  Cbemie  et  de  Physique  for  April,  SL 
Alfred  Riche  describes  electrolytic  methods  for  the   separatioii 

'  aod  estimation  of  lead,  oopper,  nickel  and  one.  The  oondHiom 
of  success  in  these  deterrninationa  have  been  carefully  studied, 
ana  tin-  Lirpc  cspciifiice  of  M.  liicbc  iu  ilie  analysis  of  allovs  rcn- 
d(T.s  tliu  ])';ij-iT  ])iirtical;iilv  vjilualilu  to  the  aiialvticil  chemist. 
Thm-  is  little,  however,  wliicli  is  cs|iecially  new  i"n  his  methods, 
ninl  be  hus  entirely  overlooked  the  work  of  American  chemists  in 
the  sunie  ticM.  J.  I',  c,  jr.. 

1 1.  AlrohiiUi:  J-lnnenlatio». — In  the  same  number  of  the  above 
journal,  M.  A.  MUntz  gives  an  interesting  account  of  numerous 
cxjR'rimcnts,  which  tend  to  show  that  alcoholic  fermentation  takes 
])hice  in  the  cells  of  all  plants  when  contined  in  an  atmo.'^phere 
deprived  of  oxygen  gas.  The  experiments  were  made  on  such 
common  plants  as  beets,  mai/.e,  geranium,  cabbage,  portulaca 
and  chicory,  growing  in  pots  in  a  natural  condition,  and  it  is 
stated  that  alcohol  could  be  invariably  detected  in  different 
pans  of  these  plants  after  several  hours'  exposure  in  an  atmo- 
spheiv  of  nitrogen,  although  no  trace  of  alcohol  could  be  dis- 
covered in  other  plants  of  the  same  growth  not  thus  treated. 
The  growing  plants  were  covered  by  a  glass  bell  standing  in  .i 
piin  lioliling  an  alkaline  solution  of  pyrogallic  acid,  which  in  tlie 
course  of  twcnty-fonr  hours  absorbed  all  the  oxygen  and  carbontf 
dioxide  of  the  confined  air,  leaving  an  .ttmosphere  of  nearly  pure 
nitrngen.  In  this  atmosphere  the  plants  were  left  for  from  twelve 
to  twenty-four  hours  longer,  witiionl  impairing  the  vitality  of  tlie 
plant,  as  the  continued  growth  of  duplicate  plants  similarly 
expoeeil  abundantly  proved.      The  tissue  of  the  plant  was  then 


Chemistry  and  Physics.  821 

bruised  with  water  and  alcohol  proved  to  exist  in  the  distillate 
from  this  emulsion  by  the  production  of  the  characteristic  crys- 
tals of  iodoform  after  the  addition  of  sodic  carbonate  and  iodine 
in  a  manner  which  is  fully  described.  These  results  arc  inter- 
esting as  confirming  the  views  of  Pasteur  that  the  alcoholic 
fermentation  produced  by  ordinary  yeast  is  simply  an  exaggera- 
tion of  the  normal  action  of  all  organic  cells  in  an  atmosphere  or 
medium  devoid  of  oxygen.  j.  p.  c,  jr. 

12.  Vapor  of  Chloral  Hydrate, — The  specific  gravity  of  the 
vapor  of  chloral  74*04  (referred  to  hydrogen)  corresponds  to  the 
molecular  structure  of  tne  compound  as  indicated  by  its  chemical 
relations  and  represented  by  the  formula  CClj-CH=(HO), 
CClj — CHz=:0 ;  but  the  vapor  of  chloral  hydrate  has  only  one- 
half  of  the  specific  gravity  (39-84)  which  the  law  of  Avogadro 
would  require.  Hence  it  has  been  generally  supposed  that  in 
volatilizing,  the  hydrate  was  resolved  into  chloral  and  water. 
Assuming  that  this  vapor  is  a  simple  mixture  of  chloral  vapor 
and  aqueous  vapor  each  independent, — the  mixture  having  a  ten- 
sion equal  to  the  sum  of  the  tensions  of  the  constituents, — then 
we  should  infer  that  if  a  material  susceptible  of  hydration  were 
introduced  into  the  vapor  the  effect  would  be  similar  to  that 
obtained  by  introducing  the  same  substance  into  any  inert  atmo- 
sphere saturated  with  aqueous  vapor  at  the  same  temperature. 
On  the  other  hand,  if  the  vapor  of  chloral  hydrate  is  a  homo- 
geneous gas  consisting  solely  of  molecules  having  the  constitution 
represented  above,  then  if  we  introduced  a  hydrous  salt  into  this 
vapor  we  should  anticipate  that  this  salt  would  effloresce,  thus 
giving  off  more  or  less  of  its  water,  just  as  it  would  in  any  other 
dry  and  inert  atmosphere  under  like  conditions.  These  well 
known  principles  offer  an  obvious  method  of  testing  the  condi- 
tion of  the  vapor  of  chloral  hydrate  which  has  been  applied  by 
M.  L.  Troost  in  an  article  published  in  the  Annales  de  Chimie  et 
de  Physique  for  March.  In  his  experiments,  M.  Troost  volatilized 
the  chloral  hydrate  in  the  Torricelian  vacuum  of  Hofmann,  appa- 
ratus for  determining  the  density  of  vapors,  and  introduced  mto 
the  vapor  potassic  oxalate,  both  m  its  hydrous  and  its  anhydrous 
condition.  The  apparatus  was  slightly  modified  to  suit  the  con- 
ditions and  potassic  oxalate  was  chosen  as  the  reagent  because 
its  affinity  for  water— as  shown  by  the  quantity  of  heat  evolved 
during  combination — is  less  than  that  of  chloral.  Lastly,  any 
effect  which  the  reagent  produced  on  the  vapor  was  indicated  by 
the  change  of  tension.  But  for  these  and  all  other  details  we 
must  refer  to  the  paper.  From  these  experiments,  M.  Troost 
deduces  the  conclusion  that  neither  at  78**  C.  nor  at  100°  C.  are 
the  constituents  disassociated,  at  least  to  any  great  extent,  in  the 
vapor  of  chloral  hydrate ;  that  the  vapor  of  this  substance  is  per- 
fectly homogeneous  and  normally  occupies  twice  the  volume 
which  the  law  of  Avogadro  requires.  Hence  M.  Troost  would 
have  us  infer  that  this  law,  as  the  basis  of  modem  chemical  phi- 
losophy, has  failed. 
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As  Ibc  writer  lias  before  said  in  these  pages,  the  law  of  Avogadro 
in  simply  a  mode  of  correlating  facts,  and  its  value  as  a  scientific 
theory  rests  on  the  degree  of  eertaiDty  with  which  it  points  the 
way  to  new  discoveries.  As  soon  as  it  begins  to  lead  astray  it 
will  doubtless  be  abandoned,  like  many  another  philosophical 
guide  before  it.  In  order  to  Invalidate  the  theory  it  is  not  enough 
to  adduce  unexplained  facta  ;  it  ia  essential  to  show  that  phenom- 
ena whicii  have  been  fully  investigated  are  inconsistent  with  it. 
In  the  present  instance  the  experiments  of  M.  Troost  undoubt^ 
ediy  seem  to  indicate  that  the  vapor  of  chloral  liydrate  does  not 
contain  aqneons  vapor  as  such,  for  although  the  results  are  not  as 
sharp  as  niigbl  be  desired  yet  the  difference  in  the  action  before 
anJ  after  additional  water  had  been  mixed  with  the  vapor  of  the 
hydrate  seems  to  be  conoluaive  on  this  point.  But  nevertheless, 
before' we  can  admit  that  tlie  vapor  of  chloral  hydrate  contains 
only  one-half  as  many  molecules  in  the  same  volume  as  the  vapor 
of  chloral,  it  must  be  proved  that  the  molecules  of  the  hydrate, 
when  in  the  state  of  vapor,  have  all  the  chemical  constitution 
represented  by  the  usual  symbol  as  given  above,  and  not  only  is 
no  direct  evidence  offered  on  this  point  but  the  presumption  is 
wholly  against  such  a  concIuBion.  j,  p.  c,,  jr. 

13.  Sotubility  qf  f.hne  in  TTater.— Tlie  fact  that  lime  is  more 
soluble  in  cold  than  in  hot  water  was  first  observed  by  Dalton  in 
1B08,  and  his  observations  were  confirmed  by  R  Phillips  in  1831. 
Very  recently  the  Klative  solubility  of  lime  in  wat«r  at  difierent 
temperatures  ban  been  very  caretully  studied  by  M.  A.  Lamy. 
This  French  chemist  finds  that  the  Boluhilily  varies  to  a  marked 
extent  with  the  state  of  aggregation  of  the  lime,  with  the  material 
from  whicli  it  w.is  prepared,  as  well  as  with  the  temjierature  to 
which  it  was  heated  in  the  process,  v\-ith  the  time  during  which  it 
is  Iifi  in  contact  with  water  anil  with  various  other  circumstances, 
some  of  which  produce  a  permanent  and  others  a  transient  effect. 
It  is  undoubtedly  the  infliience  of  auch  causes  of  variation,  pre- 
viously unknown,  that  led  both  Ualton  and  Phillips  to  somewhat 
en-oneous  results,  although  they  accurately  observed  the  general 
order  of  the  phenouiena.  We  must  refer  to  the  original  paper  in 
the  Ann;iles  de  rhcmie  et  Physique,  June,  1878,  for  the  details. 
The  follou-itig  table,  however,  numbered  XV,  in  the  article  referred 
to,  will  give  a  general  idea  of  the  results; 


BO'  0-8J1        "  (IS64        "  0-885        '• 

10i)°  0-56         "  0-575        "  0-585 

In  each  case  the  numbers  indicate  the  weight  of  lime  contained  in 
1000  grams  of  the  solution,  and  wc  have  selected  this  table  from 
several  others  iu  the  paper  because  as  the  author  says  the  values 
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are  comparable,  having  been  obtained  under  similar  conditions. 
The  other  series  of  results  which  are  given  do  not  differ  greatly 
from  the  above,  the  differences  appearing  at  most  in  the  tlfird  sig- 
nificant figure.  The  several  curves  of  solubility  which  are  plot- 
ted with  these  different  series  are  nearly  parallel,  and  all  show  a 
region  of  contrary  flexure  between  fifteen  and  forty-five  degrees. 

J.  p.  C,  JR. 

14.  Oxygen  in  Metallic  Silver. — It  has  long  been  known  that 
melted  silver  dissolves  quite  a  large  volume  of  oxygen  gas,  but 
M.  Dumas  has  recently  shown  that  the  metal  in  its  ordinary  state 
may  contain  a  notable  amount  of  the  same  substance.  When 
reduced  from  the  chloride  with  the  usual  fluxes  and  granulated, 
one  kilogram  of  the  metal  may  contain  249  milligrams  of  oxygen. 
This  impurity  may  have  determined  a  sensible  error  in  the  values 
of  the  atomic  weights  referred  to  silver,  and  Dumas  suggests  that 
the  differences  between  the  precise  results  obtained  with  so  much 
labor  by  Stas,  and  the  exact  multiples  of  the  atomic  weight  of 
hydrogen  accepted  by  himself,  may  be  due  to  this  cause.  Such 
facts  as  the  one  here  presented  tend  to  greatly  strenffthen  the 
opinion  expressed  by  tne  writer  in  a  recent  paper  on  the  atomic 
weight  of  antimony :  that  the  errors  chiefly  to  be  feared  in  the 
determination  of  atomic  weights  are  not  such  as  can  be  eliminated 
by  the  repetitions  of  the  same  process,  but  constant  errors  which 
arise  from  our  want  of  precise  knowledge  of  all  the  conditions 
under  which  the  determinations  are  made,  and  that  in  the  present 
state  of  science  no  certain  conclusions  can  be  reached  in  regard  to 
the  validity  of  Front's  law  or  of  other  numerical  relations  between 
the  atomic  weight  of  the  chemical  elements.  j.  p.  c,  jb. 

n.  Geology  and  Mineralogy. 

1.  Occurrence  o/Foesiliferaus  Tertiary  Hocks  on  the  GhrandBank 
and  George^a  Bank  ;  by  A.  E.  Verrill. — Among  the  most  import- 
ant results  of  the  investigations  made  by  the  party  connected  with 
the  U.  S.  Fish  Commission,  stationed  at  Gloucester,  Mass.,  during 
the  present  season,  is  the  discovery  of  fragments  of  a  hitherto 
unknown  geological  formation,  apparently  of  great  extent,  belong- 
ing probably  to  the  Miocene  or  later  Tertiary.  The  evidence 
consists  of  numerous  large  fragments  of  eroded,  but  hard,  com- 
pact, calcareous  sandstone  and  arenaceous  limestone,  usually  per- 
forated by  the  burrows  of  Saxicava  rugosa,  and  containing  in 
more  or  less  abundance  fossil  shells,  fragments  of  lignite,  and  in 
one  case  a  spatangoid  sea-urchin.  Probaoly  nearly  one-half  of  the 
species  are  northern  forms,  still  living  on  the  New  England  coast, 
while  many  others  are  unknown  upon  our  coasts  and  are  appar- 
ently, for  the  most  part,  extinct.  From  George's  Bank  about  a 
dozen  fossiliferous  fragments  have  been  obtained,  containing  more 
than  twenty-five  distinct  species  of  shells.  Among  these  one  of 
the  most  abundant  is  a  large  thick  bivalve  (Isocardia)  much 
resembling  Cyprina  Jslandica  in  form,  but  differing  in  the  sti-uct- 
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are  of  the  hinge.  This  ie  not  known  living,  Mya  Imncata,  Enea- 
tella  Americana,  and  the  genuine  Vypritia  are  also  common, 
tofffther  with  a  largo  Nutiea,  a  C't/clovardia  (or  Vrnericuriila) 
allied  to  C  borealit  ^on.),  bat  with  smaller  ribs,  Curdunn  Telan- 
dieum,  and  also  vanoiis  other  less  common  forms.  These  frag- 
roenta  came  from  various  parts  of  the  hank,  including  the  central 
jtart,  in  depthd  varying  from  35  to  70  fathoms,  or  more. 

From  Hauquorean,  N,  S,,  we  received  one  specimen  of  similar 
rock,  containing  abundant  fragments  of  a  large  Divalve,  and  about 
a  dozca  other  species,  among  which  are  Piaus  {C^ri/iodomua) 
decemco»tattt»,  Latirue  aUnu  Jeff,  (?),  unknown  speciee  of  Tiirri- 
tella,  etc.  From  the  Grand  B.ink  two  similar  specimens  were  re- 
ceived. One  of  these,  from  thirty-five  fatbnmo,  lat.  44°  30',  long, 
50°  IS',  contained  numeroas  specimens  of  Cypriua  lalandica  in 
good  preservation. 

Id  gathering  these  ^ecimens  from  the  fishermen  and  working 
out  the  specimens,  Mr,  W.  Upham  has  been  very  acttie.  It  will 
probably  be  possible  hereafter,  when  these  specimens  shall  have 
Dcen  more  fnlly  examined,  and  more  obtained,  to  give  a  pretty 
long  list  of  species,  especially  from  George's  Bank. 

At  present  it  appears  probable  that  these  fragments  have  been 
detached  from  a  very  extensive  8nbmerged  Tertiary  formation,  at 
least  several  hundreds  of  miles  in  length,  extending  along  the 
outer  banks,  from  off  Newfoundland  nearly  to  Cape  Coil,  and  per- 
haps constituting,  in  large  part,  the  solid  fonndations  of  these 
remarkable  BubmanDe  elsTatioBL  _ 

.  On  Liquid  Carbonic  acid  in  SyeiiiU;  by  Mr,  G,  W,  Hawes. 


(From  .Mr,  II:nvei<'  Nfw  llamijahire  Geological  Report.) — The 
jircseriCL'  of  Uquiil  ciirbotiii;  ivcitl  in  the  microscopic  cavities  that 
ixifit  ill  the  quartz  of  granites  having  been  often  ooservcil,  I  care- 


fully searched  for  it  in  the  sections  of  the  New  Hara))shire  rocks, 
Althougli  the  number  of  sections  was  large,  yet  in  no  case  was  I 
able  to  find  it  in  any  of  the  granitic  rocks,  except  in  a  syenite 
from  Columbia,  and  here  it  occurred  in  the  greatest  abundance, 
and  under  circu instances  that  render  its  occurri'nce  iiiloresting. 

The  syenite  referR'iI  to  is  white  in  color,  spotted  with  black, 
and  macroscopically  only  orthoclase  and  hornblende  are  i-ecog- 
iiiKalilii.  In  thin  sections,  however,  plagioclase,  biotite,  quartz 
and  apatite  are  seen,  and  moreover  calcite  is  found;  a  mineral 
which  rarely  occurs  in  granitic  rocks.  The  qnartz  is  present 
only  in  small  amount,  occupying  angular  corners  l>etween  the 
other  constituents,  but  every  grain  of  it  is  filled  with  cavities, 
which  are  quite  large,  and  many  of  them  contain  liquid  carbonic 
acid.  Its  presence  in  connection  with  the  calcite  may  indicate 
that  calcium  cnrbonate  was  a  constituent  of  the  sedimentary 
material   fniui   which   this  rock  was  made,  ami  that  at  the  teni- 

teraturi'  at  which  crystallizalion  took  place,  a  reaction  occurred 
etween  the  siliea  an.l  the  carbonate  resulting  in  the  liberation  of 
carbonic  acid. 
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ni.  Botany  and  Zoology. 

1,  MonographicB  Phanerogamarum  Prodromi  nunc  continuation 
nunc  revisiOy  anctoribus  Alphonso  et  Casimir  DeOandolle, 
aliisque  Botanicis  ultra  memoratis.  Vol.  I,  Smilacece,  Hestiacecn^ 
Jfeliacece,  cum  tabulis  ix.  Paris,  Masson.  June,  1878.  pp.  779, 
roy.  8v6. — In  this  form  and  way  we  may  hope  to  see  the  Mouoco- 
tyledonous  orders  elaborated,  and  some  of  the  earlier  Dicotyle- 
donous ones  re-elaborated.  The  middle  of  this  volume  is  filled 
by  the  monograph  of  jRestiacece,  by  Dr.  Masters.  This  is  an  order 
allied  on  the  one  hand  to  JuncacecB^  on  the  other  to  Cf/peracecB,  of 
twenty  senera  and  two  hundred  and  thirty-four  species,  wholly  of 
the  southern  hemisphere,  divided  between  Soutn  Africa  (which 
has  much  the  larger  share)  and  Australia  with  New  Zealand,  and 
a  single  species  in  Chili.  It  is  not  a  prepossessing  family,  and 
presents  peculiar  difficulties  to  the  systematist,  on  account  of  the 
dioecious  character  of  most  of  them,  and  a  striking  difference  be- 
tween the  plants  of  the  two  sexes,  which  in  collections  are  hard 
to- match.  Much  praise  is  due  to  Dr.  Masters  for  his  great  labor, 
patience  and  skill  The  latter  half  of  the  volume  is  occupied  by 
Casimir  DeCandolle  with  his  neat  revision  of  the  Meliacece^  chiefly 
a  tropical  order.  The  stamineal  tube  in  the  monadelphous 
Meliacem  is  concluded  to  be  a  staminiferous  disk.  The  SmilacecB 
by  Alphonse  DeCandolle  form  the  smaller  but  to  us  the  most 
interesting  part  of  the  volume. 

This  order  is  restricted  to  three  genera;  two  of  them  dioecious, 
HeterosmUax  with  united  sepals,  no  petals,  and  three  monadel- 
phous stamens  (East  Asiatic),  Smilax  with  separate  sepals,  petals, 
and  (6-15)  stamens;  the  third,  Hhipogonum  (of  New  Zealand 
and  Australia),  with  hermaphrodite  flowers.  Of  Smilax.  one 
hundred  and  eighty-six  species  are  characterized,  and  a  dozen  or 
two  more  are  obscure  or  doubtful.  There  are  thirty-eight  pages 
of  prefatory  generalia^  in  DeCandolle's  best  manner.  We  are 
pleased  to  find  that  be  keeps  up  the  specific  phrase^  and  with  true 
linnsean  curtness,  relegating  all  particulars,  not  truly  diagnostic 
under  the  sections  and  other  divisions,  to  the  description.  In  dis- 
cussing the  nature  and  characters  of  the  leaf  (which  in  its  general 
sense  is  called  *' r^eentement  et  assez  inutilement  pht/Uome^^)  the 
morphology  of  the  petiolar  tendrils  has  to  be  considered ;  the 
conclusion  is  that  these  answer  rather  to  leaflets  than  to  stipules, 
and  the  articulation,  in  some  species  well  marked,  between  the 
blade  and  the  petiole,  or  in  the  petiole,  is  noted  as  supplying  good 
specific  characters,  which  have  been  overlooked.  The  umbels  are 
centrifiigal  or  cymose.  To  distinguish,  as  is  here  done,  the  peri- 
anth into  sepals  and  petals  and  to  use  these  names  when  practica- 
ble, is  most  proper ;  but  it  hardly  follows  that  the  term  perianth  or 
perigone  will  then  have  no  raison  cT^re,  Whatever  the  number 
and  position  of  the  stamens,  the  carf>els  are  superposed  to  the 
sepals,  as  indeed  is  the  case  in  most  Monocotyledons.     It  is  perti- 


Scientific  TnklUgence. 

Dentljf  noted  ibat  in  Smili'x,  always  dicBciona,  and  with  dull- 
colored  perianth,  the  poUeu  is  paptlJOHe  as  in  most  enlomophiloos 
flowers;  but  that  Ilhipogouum,  the  only  hermaphrodite  genns, 
Lrb  a  HiQOothish  pollen,  more  like  that  transportable  by  the  winds. 
Afost  have  odorous  bloaeoms,  some  pleasantly,  some  the  reverse, 
DeCniidolle  asks  whether  io  our  Copronmanthut  (the  name  of 
which  indicates  the  ill  odor)  this  is  common  to  both  sesea  and  the 
eame  iu  both.  Can  auy  of  our  readers  epeak  to  this?  An  expo- 
sition of  the  geographical  distribution  of  the  order,  and  of  what 
is  known  of  it  in  a  fositil  state,  is  followed  by  a  statement  that  all 
the  four  natural  sections  of  'Smilax  and  the  two  other  genera — 
i  e.  all  the  types  of  the  order — eo-exist  in  the  comparatively  small 
area  comprised  between  the  north  of  Ni'W  Plolland,  the  Pigi 
Islands,  the  Sandwich  Islands,  and  Japan ;  that  India  has  four  of 
these  six  types,  New  Holland  three.  North  America  two,  all 
Europe  aud  Africa  one ;  South  America  only  one,  but  is  rich  in 
epeciee.  The  speculative  Inference  is,  that,  anterior  to  the  eocene 
formations  of  Europe,  the  aiiL-estoi-B  of  the  family  occupied  a  odn- 
tineut  situated  in  the  region  above  indicated,  of  which  the  most 
ancient  form  was  probably  moncecious,  gauiosepaloua,  apetalou^ 
monadelphous,  and  with  more  or  less  volatile  pollen, — in  short  was 
like  Seterosmitax, — that  this  ancestor  was  in  that  region  divei^ 
HiBed,  giving  origin  to  the  five  other  groups,  beginning  with 
MurnnUof,,  the  widest  diffused  and  most  onmeroas  in  species,  and 
finishing  with  Rhipogonum,  which  with  Heteroamilax  has  clung 
to  its  hirthplaoe.  The  sole  Califomian  Smilax  is  referred,  as  a 
variety,  to  tS'.  rotundifolia^  but  is  nearer  S.  hispidii,  akbough 
distinct  from  both.  a.  a. 

2.  The  J-lora  of  British  India,  by  Sir  J.  D.  Hookkr,  K.C.S.I., 
President  11.  5*.,  etc.,  assisted  by  various  botanists,  makes  ftir 
progress.  Part  V,  the  second  part  of  the  second  volume  (pp.  241 
-49t>)  is  before  us,  undated.  In  it  the  Ze;/uitii)iosn:  by  Baiter  arc 
finished,  the  Jiosac&e  elaborate<l  by  Dr.  Hooker  himself,  the 
SaxifrayaceoB  and  succeeding  orders  up  to  Ilaloragece  by  C  B. 
Clarke,  the  Rhizophorea  by  the  Hev.  G.  Henslow,  ComOretacecE 
by  Mr,  Clarke,  and  finally  the  Myrtac€<e  by  a  new  hand,  J.  F. 
Duthie,  F.IaS.  For  the  section  of  PotentilUt  oi  vi\\\c\i  P.  fruHeosa 
is  the  tyiJC,  the  name  Trichothalamus  is  coined,  a  better  one  than 
Vomocarpa  in  Torr.  tit;  Gray,  Flora,  ^iobotrya  is  kept  up  as  a 
genus,  as  are  Decaisne's  Doci/nia  and  Pourthicea.  a,  g. 

3,  BliUfiendiaijramme  [Pliytoer-tUugrumB\  conatruirt  underldu- 
ten,  von  Dr.  A.  W.  Eichi.er,  Professor  Bot.  Univ.  Kiel. — The 
first  part,  of  348  pages,  8vo,  aud  176  wood-cuts,  was  published  in 
1876,  (Leipzig,  \\.Kngelmann).  It  was  devoted  to  the  Gymno- 
sperms.  Monocotyledons,  and  the  Sympetalous*  (Gamopetalous) 
Dicotyledons.  The  second  was  issued  in  the  spring  of  the  present 
year,  on  the  eve  of  the  author's  removal  to  Berlin,  to  occupy 
the  botanical  chair  vacated  by  the  death  of  Braun.  It  deals  with 
the  Apelalous  and    Cliori^ctuloiia    [Polypetalous]    Dicotyledons, 

'We  tako  a  fancy  to  this  name  Sympelala;  but  Gamopetalfe  is  older  and  in 
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intercalated  into  one  class ;  it  fills  575  pages  and  is  illustrated  by 
237  wood-cuts.  We  had  deferred  notice  of  this  admirable  work 
until  it  should  be  completed.  This  has  now  happily  been  done ; 
but  we  are  unable  at  the  present  moment  to  prepare  the  detailed 
review  which  such  a  useful,  conscientious,  and  able  contribution 
to  morphological  botany  should  have.  Being  a  work  specially 
adapted  to  instruction,  it  ought  to  be  translated  into  English; 
but  we  fear  this  may  not  just  now  be  done,  as  morphology  is  not 
sufficiently  appreciated.  The  brief  introduction  first  explains 
Flower-diagrams,  the  mode  of  constructing  them,  and  the  purpose 
they  subserve;  then,  some  general  remarks  on  the  nature  or 
definition  of  the  flower,  its  development,  and  its  parts,  precede  a 
brief  discussion  of  the  arrangement  of  the  floral  organs,  the  rela- 
tion of  the  blossom  as  a  whole  and  of  its  outer  members  to  bract 
and  bractlets ;  and  finally  inflorescence  is  considered,  with  principal 
reference  to  the  terminology  and  classification  of  the  cymose  type. 
Some  notes  succeed  on  the  morphology  of  ovula,  placenta,  stamina, 
etc.  And  in  the  preface  to  the  second  part  a  few  pages  are  devoted 
to  similar  topics ; — to  the  spiral  theory  of  the  flower-organs  and 
the  nature  of  placenta  and  ovula  (the  author  frankly  modifying 
his  former  views  in  consequence  of  the  later  researches  of  others), 
to  Obdiplostemony  (the  production  of  the  first  rank  of  stamens 
opposed  to  petals),  which  is  in  some  sort  a  re-discussion  of  out- 
growths and  intercalary  leaves,  as  treated  in  notes  to  the  first 
volume.  These  discussions,  and  the  presentations  by  diagrams 
and  otherwise  of  the  particular  morphology  of  the  natural  orders 
in  systematic  sequence,  mark  this  work  as  one  of  the  first  impor- 
tance. A.  G. 

4.  Mepertorium  Annuum  Literaturm  PeriodiccB,  cur.  G.  Boh- 
NBNSiBG  et  W.  BuRCK.  Tom.  iv,  for  1876.  Harlaem,  1878.  283 
pp.  8vo. — Having  noticed  the  preceding  volumes,  we  would  renew 
the  expression  of  admiration  for  the  careful  and  thorough  manner 
]Q  which  this  work  is  planned  and  executed.  ITie  classification  of 
topics  is  very  detailed  and  special ;  and  there  is  a  full  index  of 
names  of  genera  and  orders,  and  another  of  authors.  a.  g. 

5.  Synopsis  of  the  Genus  AquUegia^  by  J.  G.  Baker. — A  con- 
tribution to  the  Gardener's  Chronicle,  London,  concluded  in  the 
number  for  August  17,  1878;  intended  specially  for  horticultural 
use,  but  also  of  botanical  consequence,  an*anging  under  artificial 
groups  and  describing  in  a  plain  way  twenty-seven  species.  A 
northern  Rocky  Mountain  Columbine,  A.  Jonesii  of  Dr.  Parry, 
appears  not  to  be  known  to  the  writer.  It  is  rather  strange  that 
A.  chrysantha  and  A.  ccerulea  (of  which  Mr.  Baker  seems  to  know 
only  the  almost  white  form)  should  fall  under  different  sections, 
even  when  these  are  founded  on  size  of  flower;  but  this  comes 
from  the  sepals  only  giving  the  measure.  A,  truncata^  the  Cali- 
fomian  species,  is  quite  distinct  from  A,  formosa  (which  grows 
farther  north  and  east),  and  is  handsomer  in  cultivation.  When 
the  characters  are  once  apprehended,  either  in  live  or  dried  speci- 
mens, there  will  be  no  need  of  again  confusing  them.  a.  g. 

Am.  Jour.  8oi.— Third  Sbrtbb,  Vol.  XVI,  No.  91— Oct.,  1878. 
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U.  ^ote  on  t/te  IteSttabtiahment  of  Fhrfst»  in  Iowa  novs  in 
progresa;  by  Prot  C.  A.  Wiiitk.  (Conuuiiuieated.)— In  lliea<iinira- 
l»lo  lecture  on  Forest  tioograjthy  am!  Archeology  by  Professor 
Ana  <iray,  published  in  ibe  Au^ist  and  Kcplcniber  auRibere  of  this 
Journal  there  ie  a  single  passing  alhiston  or  hypothetical  fitHt^ 
ment  which  I  think  involves  an  error.  1  refer  to  the  two  clotting 
seatenccB  on  page  94  of  the  August  number  which  read  thus: 
"The  dittioulty  of  re-foresting  bleak  New  England  coasts,  which 
were  originally  well  wtKnIcd,  is  wpII  known,  It  is  equally,  but 
probably  not  more  difficult  to  cetablish  forest  on  an  Iowa  prairie 
with  proper  selection  of  Wpub."  It  is  plain  that  Professor  Gray 
inteuaed  in  those  sentences  to  state  the  diftieatty  of  re-forestiiie 
only  hypothetically  in  order  to  meet  the  question,  "  Why  have 
the  trees  not  grown  where  they  might  have  done,  and  grown 
again  where  they  have  been  destroyed  ?" ;  and  in  the  preceding 
paragraph  on  the  same  page  be  bad  given  a  correct  and  concise 
statement  of  the  true  arboreal  status  of  Iowa. 

In  view  of  the  grand  facts  and  generalizations  presented  in  that 
lecture  the  objection  here  raised  is  very  insignificant,  but  the 
statement  referred  to  involves  a  question  which  to  the  people  of 
Iowa  is  of  the  greatest  economic  importance,  and  this  is  my  only 
reason  for  caihug  attention  to  it.  In  vol  i,  pp.  129-132  I  have 
given  a  statement  of  the  resultti  of  many  years  observations  in  Iowa 
and  adjoining  (States  of  which  the  following  is  the  substance. 

All  rariettM  of  forest  trees  that  are  inmgenoos  to  that  region 
will  grow  thriftily  npon  all  varieties  of  it«  lotl,  when  transplanted 
or  propagated  from  the  need.  Wherever  the  annual  fires  have 
been  prevented,  ami  no  effort  has  been  made  to  prevent  the 
growth  of  forest  trees,  they  have  rapidly  taken  ])os8ossion  of 
originally  prairie  surfaces  and  changed  them  to  ilenso  forests. 
The  forest  area  of  Iowa  has  1>ecn  inei-oasing  ever  since  its  first 
settlement  by  while  men,  eveii  beyond  the  amount  consumed,  ami 
it  is  i-apidly  increasing  to-day,  both  by  natural  growth  and  arti- 
ficial propagation.  The  latter  may  b<;  so  reailily  accom]ilisheil 
that  an  Iowa  farmer  grows  his  forest  with  the  same  certainty  ami 
facility  that  be  does  his  corn  and  wheat.  I  do  not  intend  to  dis- 
cuss the  question  why  these  tacts  exist;  I  only  stale  them  as  I 
know  them  ;  but  the  following  wonis  by  Professor  Gray  ujmiii 
thit"  jioinl  strike  me  as  not  only  sagacious,  but  strictly  true.  "  I 
am  liisposed,  on  general  considerations,  to  think  that  the  line  of 
demarkation  between  onr  wooils  and  our  plains  is  not  where  it 

was  drawn   l>y  nature I  sus|Hiet  that  the  irregiiUr 

border  line  may  have  .  .  .  been  ri'mlercd  more  irregular,  :unl 
have  been  carried  further  eastward  wherever  nature  of  soil  or  rir- 
cumstances  of  exposure  predisposetl  to  it." 

7,  Enfomoio'/ioaf.  ('<intribritio?is.  No.  IV;  by  J,  A.  Lixtvki:. 
(Printed  in  advance  from  the  Thirtieth  Annniil  Kepoi-t  on  tlu' 
New  York  State  Museum.)  144  pp.  Hvo.  Albany,  -lune,  187«.— 
A  series  of  twenty-seven  separate  paj>ei's,  of  which  the  first  tlirw 
are  upon  a  "hair-wonn"  (Mermis  acitmhiMa)  parasitic  on  the 
apple-worm  larva,  the  new  carpet-bug,   and    tfie  grape-seed  llv. 
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All  the  other  papers  are  upon  Lepidoptera,  principally  of  New 
York  State,  including  descriptions  of  new  species,  notes  on  habits, 
capture,  etc.,  and  also  a  systematic  arrangement  of  the  European 
and  some  American  Hesperidse,  partially  from  manuscript  and 
partially  from  a  publication  of  Dr.  Speyer  of  Prussia.         s.  i.  s. 

IV.  Astronomy. 

1.  Observation  of  the  new  planet  (189);  by  C.  H.  F.  Pktkrs. 
(From  a  letter  to  one  of  the  editors,  dated  Litchfield  Observatory 
of  Hamilton  College,  Clinton,  N.  Y.,  Sept.  18,  1878.)— The  follow- 
ing is  an  observation  made  last  night  of  a  planet,  that  probably 
wUl  receive  the  number  189  of  the  asteroid  group: 

1878.  Ham.  Coll.  m.  t.  A.R.  app.  Decl.  app. 

Sept  17  13J»  12m  52B  ih  9m  458-28  +9**  38'  18'-2 

from  16  filar  micrometer  comparisons  with  the  star  Rdmker  II.  668. 
I  had  already  become  aware  of  this  planet  on  the  night  of  Sept. 
9-10,  at  about  four  o'clock  in  the  morning,  when  daybreak  did 
not  give  time  for  a  regular  measurement.  For  several  days  there- 
after the  strong  moonlight  interfered.  From  the  position  as  put 
down  in  my  chart,  I  derive  the  place,  reduced  to  1878*0: 

a  =  1M4«"  2« ;   6=:  +10°  19'-7, 

whence  in  combination  with  last  night's  observation  follow  the 
daily  motions  —33"  and  —  6''2  about. 

The  magnitude  of  the  planet  I  estimated  at  11,  and  it  was  as 
well  visible  with  the  light  of  the  moon  as  it  now  is. 

2.  Annals  of  the  Martmrd  (JoUege  Observatory. — Two  more 
volumes  of  Annals  have  just  been  distributed  from  the  Harvard 
College  Astronomical  Observatory.  One  is  the  second  part  of 
Vol.  IV,  containing  observations  made  in  1862-5  on  the  right 
ascensions  of  605  principal  stars,  and  is  edited  by  Professor  T.  H. 
SafTord.  The  other  is  Vol.  IX,  and  is  written  by  Professor  C.  S. 
Peirce,  of  the  Coast  Survey.  It  consists  of  five  chapters,  whose 
titles  indicate  the  ground  covered  by  the  author:  (1)  The  Sensa- 
tion of  light;  (2)  The  numbere  of  stars  of  different  degrees  of 
brightness ;  (3)  Original  observations ;  (4)  Comparisons  of  the 
different  observers;  (5)  The  form  of  the  galactic  cluster.  The 
observations  were  made  with  a  Z5llner  astrophotoraeter,  under 
the  general  direction  of  Professor  Winlock.  They  were  begun  at 
Cambridge,  and  continued  at  Washington  and  elsewhere,  as  the 
author's  duties  in  the  Coast  Survey  made  changes  of  residence 
necessary.  The  work  is  also  published  separately  by  EIngelmann, 
Leipzig,  under  the  title  Photometric  Researches, 

V.  Miscellaneous  Scientific  Intelligence. 

1.  American  Association. — The  twenty-seventh  meeting  of 
the  American  Association  for  the  Advancement  of  Science  con- 
vened at  St.  Louis,  Missouri,  on  Wednesday,  August  21st,  and 
continued  for  one  week.    The  President  of  the  meeting  was 
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Professor  O.  C.  Maiwii,  hiiJ  th«  Vioe-PresUioiiUt  R,  H.  Thphbton, 
of  HoboVcii,  ami  A,  11.  Gkotk,  of  HniHilu.  The  lucoiiug  wan  a 
ttuctK^mful  ouc,  iilthou^h  the  attendancv  was  not  bu  large  as  a»iial, 
owing  lo  ihu  extreme  heal  and  the  fear  of  the  yellow  fever. 

The  local  committeu  consisted  of  Chanoellur  W,  G.  KLtoT, 
Judge  Chablkh  Hpkck,  ProfesBiir  J.  K.  Kekh,  Gkuiiuk  Bain, 
\Vm.  TAU8sin,  W.  H.  Pulsipek,  Dr.  GEomtE  J.  Ei^gkluamk  niid 
others,  who  mftdu  iiio«t  Bstielactorv  armngeuiente  for  the  enter- 
tainment  of  the  uiemherB,  and  (or  the  Rcssions  of  the  ABHoclalion. 

VariooB  excursions  were  made  by  the  membera  to  poiuts  of 
intereet  in  the  vicinity  of  St.  Jxtuitt:  including  one  to  open  the 
Cabukia  moand  across  the  river  in  Illinois;  another  occupying 
Saturday,  the  flJth  of  August,  to  Iron  Mountain  and  Klot  Knob ; 
and,  at  the  cIobo  of  the  meeting,  there  was  an  excursion  to  Colo~ 
mdo,  to  occupy  a  week  or  more, 

AddrenBefl  were  delivered  Wednesday  evening  by  Professor 
R,  H.  Thurston,  Vict-Preuident  of  Section  A,  on  the  "Science  of 
the  Advancement  of  Science;"  and  by  A,  It,  Grote,  Vice-Pre«d- 
dent  of  Section  B,  uu  "Education  a  Succession  of  Experiencee ;" 
aud  on  Thuntday  by  I'rofeiwor  F.  W,  Clarke,  Chairman  of  sub- 
Section  C,  on  "The  Cultivation  of  Chcmistrv,"  The  address  of 
the  retiring  President,  Profesaor  Simon  Newcoinb,  delivered 
Thursday  evening,  on  "  The  Course  of  N  ature,"  waa  a  philosophi- 
cal discourse  of  more  than  ordinary  inteiv3st. 

The  next  meeting  b  to  be  held  in  Saratoga  on  tlie  last  Wed- 
nesday in  Austut.  The  officers  appointed  for  the  meeting  are 
Professor  G.  F.  Barker,  of  Phihidefphia,  President;  Frufcssi.r  S. 
P.  Limt-lvv,  i.r  AllfL-tiaiiy,  I'.i.,  \  i.x-IV.-sidciit  ..I'  Stutioii  .\  ; 
Major  .1.  W.  P..WI-11,  Viw-Prfsidenl.  .)r  SiTli-m  i! ;  Pn.frssor  Ini 
Kcmscn,  Cli;iinn;iij  of  snl.-S,-,-li,iij  ol' (.■Jicinisiiv  ;  and  PrclVsMir 
K.  W.  .MoL-lcy,  of  llu.lsuij,  Ohio,  Cli;iinn;ui  J.f  sub-Section  ut 
Mk-roscony. 

The  lollowni-i  is  a  li.st  of  tlic  |i;i|rts  wliicb  were  read,  or  ;uve].lf.i 


I.   Miitlivii'itl<-K,  Antrimomi/  ami  l'htj:iir>. 

Kxpuriiiientiil  lieterminaliim  iif  llie  Velocil 

All  improvoJ  Mctlioi)  cif  lliiiicin);  a  Bell  in  i 

(In  tlie  Ki-onraiiic  Uw  nf  Sii.-;iiii,  0.  A,  Sunn. 

On  the  Omstriii'lLim  ..f  »  St-ii^itive  Wind-viine,  .r.  W.  ()sitoiiNti._n„  Wiml-v; 
Rolritions,  id.— Tlio  ini porta ikv  of  Mctcorolnitii'nl  ObsiTViilioiis  in  Vertical  S 
lion  ot  tliB  AliiioKplitre  with  tlic  Mn^e.-itioii  of  nieoiiB  for  Uioir  "ysteniiilic  a<it 
piishincnt,  id. 

I  111  Prii'tion  Mi-ii,*iironn'iit  iind  its  laws,  rh  ilL'k-miim'd  iiy  Hcifnt  Kxperinip 
for  Ik  nidcr  mti^  ot  t'ouditioim  tliaii  Inivu  liLtn  [irovioiir^ly  ulitninod,   M. 

Miiguctic  Dotermintitionii  in  Missouri,  V.  V..  NlE'llEK. — Riiin  di'tt'riniiiatioTi'^ 
Hoofs,  id. 

I'orniidoea,  n'liU^mponU  iukI  I  [ailt^torms,  W.  Krrrbl. 

On  FindinK  ttio  Different ial  uf  a  Variablt'  Qiiiiiilitj-  willioLil  llif  use  of  InBnili 
mnls  or  '■  Limits,"  J.  Fickun. 

Oiillitio  ot  Work  diiiio  iiy  tlie  Fort  Worth  Solar  Kclipsc  I'lirtj,  J.  K.  Rees, 

K  Peculiar  Casu  of  Fracture  of  Tool  Stocl,  \V.  Ke-st. 
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On  the  use  of  the  Tasuneter  for  measuring  the  Heat  of  Stars  and  of  the  Sun's 
Corona,  T.  A.  Edison. — On  the  application  of  the  Carbon  Button,  id. — On  the 
Principle  involved  in  the  Microphone  and  the  Carbon  Telephone,  id. — A  new  Vol- 
tameter, id. 

On  the  results  of  the  Spectroscopic  Observation  of  the  Solar  Eclipse  of  July  29, 
1878,  G.  F.  Barkeb. — A  new  method  of  determining  the  Pitch  of  a  Tuning 
Fork,  id. 

A  Wind-wave  thoroughly  Sensitive  and  thoroughly  Steady,  W.  C.  Taylob. 

On  a  Standard  Inch  and  a  Standard  Centimeter,  W.  A.  RooBBa 

On  the  Possibility  of  observing  the  Solar  Corona  without  the  aid  of  an  Eclipse, 
O.  Stone. 

On  a  modified  form  of  Telephone  intended  for  a  Sensitive  Electroscope  for  the 
Detection  of  Feeble  Currents,  P.  H.  Van  dbb  Wbydb. 

On  the  Development  of  Ossone  in  the  Air,  by  means  of  Sudden  Changes  of  Tem- 
perature, B.  S.  Hedbick. 

Internal  Revenue  Adjustment  of  the  Carlisle  Tables,  E.  B.  Eluott. — Interna- 
tional Coinage,  its  progress,  id. 

On  Recent  Progress  in  Micrometry,  R.  H.  Wabd. 

IL    Chemistry. 

A  short  account  of  the  Nature  of  the  Oxide  of  the  New  Element  Mosandrum, 
J.  L.  Smith. — The  new  Meteoric  Mineral  Daubr^lite  and  its  frequent  occurrence 
in  Nature  in  Meteoric  Iron,  id. 

Electricity  an  Agent  in  Vegetable  Growth,  A.  P.  S.  Stuabt. 

The  Electrolytic  Estimation  of  Mercury,  F.  W.  Clabkb. — Some  new  Selenocy- 
anates,  id. — Some  Specific  Gravity  determinations  and  conclusions  from  them,  idL 

HL   Geology^  Zoology  and  Botany. 

Ancient  Glacial  Action,  Kelley's  Island,  Lake  Erie,  C.  Whittlesey. 

On  Hybrids  in  Nature,  T.  Meehan. 

Notes  on  the  Life-history  of  the  Blister-beetles,  and  on  the  structure  and  de- 
velopment of  the  genus  Homia  Riley,  C.  V.  Riley. — On  the  larval  growth  of 
GorydcUus  and  CfiauliodeSy  id. — The  Philosophy  of  the  Movements  of  Uie  Rocky 
Mountain  Locust  (CcUoptmus  spretusX  id.---On  the  means  by  which  Silkworm 
moths  issue  from  their  cocoons,  id. — A  New  Source  of  Wealth  to  the  United 
States,  id. — Biological  Notes  on  the  Grall-making  Pemphigini,  id. 

Dinosaurian  Reptiles  from  the  Jurassic  of  the  Rocky  Mountains,  0.  C.  Mabsh. 

On  the  Complete  Series  of  Superficial  Formations  in  North  Eastern  Iowa,  with 
Sections,  W.  J.  MoGeb. 

A  new  Fossil  impression  in  a  Glacial  Bowlder,  A.  R.  Gbote. 

The  Iron  Ores  of  Alabama,  with  Special  Reference  to  their  Geological  Relation, 
E.  A.  Smith. 

Embryology  of  Clepsine,  (I)  Stages  preliminary  to  Cleavage,  (2)  Cleavage, 
Gterm-lamellse,  Gastrula,  etc.,  C.  0.  Whitman. 

Extracts  from  Modem  Science  bearing  on  the  Law  of  Repetition,  Miss  V.  K. 

BOWSBS. 

Richthofen's  Theory  of  the  Loess  in  the  light  of  the  Deposits  of  the  Missouri, 
J.  E.  Todd. 

Are  the  so  -  called  Chsetetes  of  the  Cincinnati  Group  Bryozoans  ?  A.  G. 
Wbthebbt. — Remarks  on  the  Geographical  Distribution  of  the  Land  and  Fresh- 
water Mollusks  of  the  United  States  and  their  local  varieties,  id. 

Notice  of  a  recent  discovery  of  Grold  in  the  Unaka  Mountains  of  Tennessee,  J. 
M.  Sattobd. — Notice  of  Certain  Sulphide  Springs  in  Tennessee,  id. 

The  Lands  of  Utah,  J.  W.  Powell.— The  Rainfall  of  the  Arid  Etegion  of  the 
United  States,  id. 

On  a  remnant  of  the  Spiracles  in  Amia  and  Lepidoateus^  B.  G.  Wildeb. 

On  JSgeiia  tiptUiformia  Lin.,  G.  H.  Pebkins. — Osteology  of  Sduropierus  lohi- 
ceOOf  id. 

On  the  Development  of  Amiaj  S.  A.  Fobbe& 

Remarks  on  ^e  Early  Decay  of  the  male  plant  in  Oannabia  saliva:  A  Parallel 
and  a  Contrast,  0.  S.  Pebgital. 


&S2  Stimxtluiiiviin  luteUi'jmiK. 

Tlio  ItolAtlmi  ol  Adtioaion  lo  ItoriEuntal  Fmuiiro  <n  UouuMin  I>7iuiniQB,  H.  F. 
Waujko. — Some  imUcationfl  of  Booent  SoiiBltiveuess  lo  PrBBimre  in  tho  Kartli's 

OruHt,  id. 

Geologicul  lUslitry  of  Ihe  Ooloradii  River  and  Pialemis,  C.  H.  Dcttoh 

On  the  Coii«enmis  in  Animal  and  VegeXei  Life,  L.  F.  Wabd. 

On  some  chBrnoteristioi  of  the  VegoUtion  of  Iowa.  J.  C.  Abthps. 

On  wrUin  ftifflLiiltieB  mat  tritli  in  using  tlio  Cnt's  Brain  an  a  lyjie  of  tbe  bnuju 
of  UamnuU,  B.  0.  Wiuirb. 

Tho  AUcgsKl  Volraino  bC  Bald  Mt,  North  Carolina,  F.  W.  Cl*kkb. 

Tbo  Uold  Hopon  of  fJeorgia,  6.  Lii-tlb. 

On  the  Compass  Plncts,  (J.  EKoeuiaKir. 

DiacoTorj  of  Atlaaloflfturut  luid  other  DiDOBSurs  in  the  Bocky  Mountains  of 
Colorado.  A,  Lakxb. 

Kitiitiition  of  FoMtla  Bhowing  the  oBerte  of  the  Geodinng  procesB,  A.  H 
WOBTBIH- 

IV.  Anthmpoloffy. 

AnciBBt  Mounds  in  the  vidni^  of  Naples.  Soot*  Oounl.*,  Illinoia,  J.  O.  H»- 
DBRSON. — Ancient  Nampa,  Qeographical,  Trit>al  and  Persoual,  in  tlie  MisaissipiH 
Valley,  id. 

DeacripdoD  of  two  ctbino  Cials  diacoveied  near  Highland,  IlliDoiB,  A.  Obuub. 

Deacription  of  a  CliS  llouaa  in  the  raDon  of  Uanooe  River,  Colorado,  with  a 
Oround  Plan  of  tho  Blrurtum,  W.  P.  Moroin. 

Itomarlts  on  the  Ituina  of  a  Stone  Pueblo  on  the  Aniniita  Kiver.  New  Meiic", 
with  a  Ground  Plan,  L.  II,  Uubsak. — Oheervationa  on  the  San  Juan  lUver  Die- 
trict,  AB  an  importajit  ancient  Mat  of  Vitlage  Indian  Ijfe,  id. 

On  the  Sources  for  AboriEinuI  IliBlorj  of  Spanish  Americo.  A.  F.  Ba.vheijeb. 

Reninrkftble  Biirial  Cuatom  from  a  Mound  in  Florida ;  The  Craninm  utjlizeid  ae 
a  Cinerary  Dm.  H.  Oillkak. — DeBcripdon  of  a  Gianni  Eurlhou  Veflacl,  taken 
from  a  Tumulus  in  Florida,  id. 

BTidenMa  of  CannlbaliBm  in  a  Nation  before  the  Ainoe  In  Japan,  B.  S.  Momk 

Remarks  npon  the  Archioolo(ry  of  Vermont.  [}.  H.  Pbkkiks. 

An  Albia  of  North  Aiiiorican  Antiquities,  O,  T.  MaSOS.— North  American 
Indijin  Svnonvmy.  id. 

Ani'ioTil  roltery  Iruni  Cliiriqui,  Cemr.il  AniL'rica.  f1.  C.  Mar.su, 

(111  tlje  anntoinicnl  poriiliarilie*  Liv  wliir'h  MomidlmildcrM'  Cniiiij  iii.iv  In  dislin- 
giiiwhud  from  llioi-e  of  the  Moduni  Indinn,  W. .[.  MctlKE. 

HxliilHliiiii  of  i'rehiiitoriii  n'lics  from  Miitsouri.  A.  J.  Conant, 

An  a<'.-oiml  of  an  eiplunition  of  ii  Wallpd  Town  of  the  MoundlmildtTS  ol  tbc 

ill  in  the  Diifl  rn-ar  Ditivit,  Colorado.  T,  Belt. 

■,;.  I'..mmilr'a,!a  Gx.lo.jh-id  ^kcv./.— Tw.  w\s  vuhiiufs  ..I 
ICi'iinrtsol'ifiis  Survev  liiivc  aiiin'iim! :  (.n  <\w  Fiiycttc  ami  Wi'st- 
iiior<-l;iiiil  hi-^lriol  of  ihr  liiliimiiious  C.ml  Fiol.l,  hv  J.  J.  Stkvk.v 
S.IN.  l';irt  li.  l,iL">riivr  \';tllcv.  :i3n  ii|i.  Svo,  wit.Ii  mai.s  and  wch"!- 
cuts;  Aw\  'I'wu  nmi.lroil  'niiili's  ..r  K!fV:iti..ii  al.uvi- 'l-i.ie  [..■vi-l  ol 
tlif  liiiilroiul  Si:ili<.iis.  Siimmils  aii.l  Timiifls,  (.'iinal  Lo.-ks  ;im>I 
Dams,  lit-.,  ill  ;iri'i  juoiiTiil  Poniisylvnniii,  by  Cii.mit.ks  .\t.lkn.  Jsh 
)>|i.  «vo. 

I'ri>lessor  Sti'veii^^oii,  iti  his  volmn.-.  bosiilufi  .K-S(.-i-il.iii<'  willi 
,k>l:iil  llii'  stratificalicd  iMul  roal  W-A^  <if  tlif  re-ion,  -ivc-s  iti  <'li;ip- 


iitial   >t:. 


tlial  tlic  lull  .!is<'ussioM  will  1.0  -ivon  rlsrwlioiv  in  tlie  fall;  in 
i-liai.UT  10,  li.Mlisnissis  iji,.  rd;iliohs  ,>f  ili,.  axi-s  west  from  ami  iii- 
.-liuiiiii;  \\w  Alli'^hcnics  nl"  IVnii>ylvaiiia;  tiatvM  tlie  a.ves  to  tluir 
Iinal  ilis;i|)i)i'aiam;t'  iTi   West  Virgini.a;  kIiows  tliat  tbty  aiv  siu- 
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cessively  shifted  eastward,  and  that  each  axis  is  practically  over- 
ridden by  its  eastern  neighbor,  until  the  whole  system  is  swallowed 
up  by  the  great  Tygarts  Valley  anticlinal  of  West  Virginia;  in 
chapter  20  he  discusses  the  age  of  the  axes  and  shows  that  the  more 
important  ones  existed  early  during  Coal-Measure  limes.  On 
page  282  are  some  conclusions  respecting  four  of  the  coal-troughs ; 
chapter  21  treats  of  the  stnicture  of  coal-beds  and  intervals  be- 
tween coal-beds ;  shows  that  coal-beds  divide ;  that  in  the  great 
trough,  the  groups  thin  out  east,  north  and  west ;  also  contams  a 
brief  discussion  of  the  nature  of  clay  veins,  besides  giving  a  few 
notes  on  the  Paleontology  of  Southwest  Pennsylvania  and  imper- 
fect lists  of  fossils  observed. 

3.  Meeting  of  the  Jlritish  A88ociation,--H\\Q  meeting  of  the 
British  Association  for  1878  was  held  at  Dublin  during  the  week 
from  August  14  to  August  21.  The  opening  exercise  upon  Wed- 
nesday evening,  the  14th,  was  the  Inaugural  Address  by  the 
President-elect,  Mr.  William  Spottiswode;  it  was  devoted  to  a 
discussion  of  the  "  External  aspects  and  tendencies  of  Mathemati- 
cal Science."  Opening  addresses  were  also  made  in  the  several 
sections  by  their  respective  presidents,  as  follows :  in  ('hemistry, 
by  Professor  Maxwell  Simpson ;  in  Geology,  by  Mr.  John  Evans ; 
in  Biology,  department  of  Botany  and  Zoology,  by  Professor  W. 
II.  Flower,  and  by  the  vice  president,  Mr.  R.  Mcbonnell,  in  the 
department  of  Anatomy  and  Physiology ;  in  Geography,  by  Pro- 
fessor C.  Wyville  Thomson ;  in  Mechanical  Science,  by  Mr.  Edward 
Elaston.  Lectures  were  delivered  by  Mr.  Romano  upon  Animal 
Intelligence,  and  by  Professor  Dewar  on  Dissociation,  or  Modem 
Ideas  of  Chemical  Action.  A  considerable  number  of  papers  were 
presented  for  reading.  The  attendance  was  much  larger  than  at 
the  last  general  meeting,  the  number  of  persons  present  amount- 
ing to  2,577.  Among  the  various  reports  presented,  was  one  by 
the  committee  appomted  to  "consider  the  advisability  and  to 
estimate  the  expense  of  constructing  Babbage's  analytical  engine 
and  the  printing  of  tables  by  this  means.  The  committee  wnile 
praising  the  work  of  Mr.  Babbage  as  a  marvel  of  mechanical  inge- 
nuity and  resource,  and  though  admitting  the  utility  of  such  an 
engine  as  he  had  planned,  decided  that  they  could  not  advise  the 
British  Association  to  take  any  steps  toward  having  it  constructed. 
Dr.  Allman  was  elected  president  of  the  meeting  to  be  held  in 
1880  at  Swansea. 

4.  A  new  form  of  Telephone;  by  A.  Floyd  Dblafikld,  A.B., 
Noroton,  Conn. — In  the  ordinary  forms  of  telephone  a  piece  of 
iron  moves  near  a  magnet  surrounded  by  a  coil  of  wire.  Move- 
ments of  the  iron  produce  changes  in  the  strength  of  the  magnet 
and  thus  currents  are  induced.  Generally  the  iron  is  used  in  the 
shape  of  a  thin  plate.  The  size  of  the  plate  being  determined 
within  pretty  narrow  limits  by  acoustic  requirements,  the  strength 
of  the  magnet  which  can  be  used  is  also  limited. 

The  magnets  which  I  use  in  the  new  form  of  telephone  are 
shaped  like  a  W ;  two  U  magnets  with,  say,  their  N.  poles  bolted 
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togcthitr,  while  their  S.  poles  form  ibe  two  onKr  hrntiches  of  the 
W.  Th«  mid<lk>  bar  tits  ibe  coiilt-r  of  ihf  coil,  while  tho  ontor 
piiHs  nearly  toath  it  on  the  outsiile.  The  iiiimlirr  of  lines  of  force 
perpcndii^ular  to  the  direction  of  its  motion  which  are  cut  by  the 
coil  is  much  iucrcased  Ity  this  diftpcwition  of  the  poles  ot  the 
DiHgnet. 

Bibliognptij  o(  North  AmeTicaii  lavertebrile  PnlBODUiiogt-.  by  C.  A.  Whil*, 
U.D^  und  II.  AU»yti«  Hii^tiolaoii.  U.D..  etf .  \3i  pp.  Rvo.  WuriiDictou,  1BT8. 
DepftTlineiit  of  the  Interior  U.  S.  Q«al.  Survey  ot  tbe  T«rriUirSe«;  UisiiellaDeoua 
Publications,  Nn.  lU. 

Annual  Report  of  the  Chief  Sigmsl  OOtrar  to  the  Secretary  of  War,  for  U<e  jest 
1871.     &1U  pp.  Svo,  witli  (wonly  disrta.     Wuliinguin.  1377. 

Annual  Itiport  iipou  the  Survey  of  the  Northern  and  Northwestero  Lakes  and 
the  Uisniesippl  River  in  dmrge  of  Oon.  C.  li.  (^omatock  and  i.'npt.  II.  M.  Adomi. 
Appendix  LL  ot  the  Auoual  Beport  of  the  Chiot  t>f  Kugineora  for  11471.  Wosh- 
bgton,  1H7T. 

UiilletJa  of  the  Uuseuoi  of  Compamtive  Zoology  at  llorvtird  Collt^.  CaiahridgB, 
llnsa.  Vol.  iv.  The  torrmtriol  air-tirpathing  HoUuaka  of  the  United  Slatm  and 
the  HdJHOent  Territories  of  North  America,  deacribed  and  illuatraltd,  by  W.  0. 
Bianey  Vol.  v.  Teit,  43!)  pp  8vo;  vol.  v.  with  74  pUle^  for  vol.  iii,  mkI  la 
pinto*  of  vol  V. 

(>luierroUona  and  orbiie  of  the  Satellites  of  Uars,  with  daU  lor  Ephemeridn  in 
1SJ9,  liy  AR»ph  Unll,  Prof.  Math.  O.  S.  Navy.  Resr-Admiral  John  Bodgen, 
D  S.  Navy,  Superiuttndent  of  the  Naval  Obeervslory.    46  pp,  4to.    Wtuthingtoii, 

Anales  do  la  Oaeina  MeteorolrjiricB  ArgentiBa,  por  bu  DIraclor  Benjaniin  A. 
Qoiild;  Tomo  I,  CUma  do  Buenoa  Airee.  622  pp,  4ti>,  with  17  plates.  Buenoa 
Airee,  1678. 

MetAlu  and  their  chief  iodustrial  applicatioaa ;  being  with  some  coaridarabk 
additlona  the  aubatiwiw  of  a  oourae  M  leoture«  delivered  at  the  Royal  loBtilullaii 
of  <;roat  Britiim  in  187T.  hy  Hiarles  B.  Alder  WriptU,  D.  Br,  Mr  191  ,m  l2mo 
London,  I87M.     (Mncmillan  k  Vn.\ 

Tho  Andenl  Life-history  iif  Iho  Karth  ;  a  comprehensive  outline  of  the  princi- 
plen  iind  IciHiinK  facts  of  palifoutoloffical  science,  liv  H.  Allevne  Nieliol^on,  M.P, 
rii.D.,  etc,      4U7  pp.  Hvo.      N\-\i-  York,  1878.     (D.  .4pplelon  k  Co.) 
OKITl  AHY, 

Uev.  W.  15.  Ci.,\RKR,  a  r-cologist  "f  vmiiieiice  in  Australia,  x- 
wcll  aw  a  chTftymai.  of  llit-  Cliiin:li  of  Kni,'lan.l,  dic.l  on  the  16tli 
of  June  la«t  at  St.  Lconaras  (near  Sydiify),  New  South  Wales, 
at  the  a^L'  of  ei,i;lity-tivf.  J[r.  Cliirke  w:ih  an  entlinsiastic  worker 
in  i^eolo^iy.  Il'is  lal.ors  in  Auslralia  won-  coiiliiiued  lor  in(w 
than  loriy  yu:trH,  an.l   resulted  in  many  inii;.)rl;int  .liscov fries  aii.l 

of  irol.l  in  .\ustralt:i  was  clainie.l  li^Vir.  Clarke;  and  from  that 
time.  In  IMf'l,  Australia  Letjaii  its  eaiver  as  a  gold-nrodncinu' 
eonlinent.  Mr.  Clarke  was  an  aetive  nieinlier  of  tlic  K.iy;il 
Acadeniv  "f  New  Soiilli  Wales,  and  lor  sev.Tai  years  its  Vice-l'resi- 
.lent.  Ills  scienlitie  jnil.lieations  are  i-njicrs  read  l.L-f.ire  the  (m> 
lojriral  Soeielv  of  London;  amiiveitiarv  adiiresses  as  Vi<'e-rr.-si- 
dent  of  the  Koyal  Soeiety  ;  and  various  pntopldets  on  jri-oloftieal 
diw<^osenes  in  Anstralia  and  Australasia,  wiih  oii<>  on  the  Cause? 
ami  Plienoniena  of  Eartliquakes  es))ee,i:illy  in  relation  to  shoeks 
foil  in  New  South  Wales  and  in  other  Australasian  Provinces. 
He  was  a  man  of  yrcat  excelleiiee  and  of  carnestneSH  in  his  parisl 
work  as  well  as  in  liia  field  explorations. 
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Art.  XXXVIIL — On  some  points  in  Lithologyj   by  James  D. 

Dana. 

L    On  some  op  the  Characters  employed  in  distinguishing 

DIFFERENT   KiNDS   OF   RoCKS. 

Lithology  is  a  department  of  Geology,  rocks  being  the  ma- 
terial in  and  through  which  geological  problems  are  presented 
for  study.  The  true  aim  of  the  science  of  lithology  is  to  describe 
the  kinds  of  rocks  mineralogically  and  chemically,  and  to  note 
down  their  distinctions,  in  such  a  manner  as  shall  best  contri- 
bute to  the  objects  of  geology ;  and  these  latter  objects  include, 
as  regards  rocks,  the  origin  of  the  minerals,  and  mineral  asso- 
ciations, constituting  or  occurring  in  rocks :  the  origin  of  the 
rook  masses  and  their  relations  to  other  geological  phenomena ; 
and  the  origin  of  all  changes  or  transformations  that  have  taken 
place  in  rocks  in  the  course  of  the  earth's  physical  develop- 
ment Geology,  chemistry  and  mineralogy  have  each  to  be 
considered  in  determining  the  proper  distinctions  between  the 
kinds  of  rocks.  Should  lithology  make  much  of  mere  differ- 
ence in  texture,  or  in  ingredients  that  are  present  only  in 
minute  proportion,  geology  might  rightly  say  that,  for  such  a 
purpose,  these  points  are  of  small  importance  compared  with 
the  nature  or  composition  of  the  mass. 

The  defining  of  rocks  is  attended  with  special  diflBculties  on 
account  of  their  mutual  transitiona  From  granite  down  they 
are,  with  very  few  exceptions,  mixtures  of  minerals,  as  much 
80  as  the  mua  of  a  mud  bank.  They  graduate  into  one  another 
by  indefinite  blendings,  as  the  mud  of  one  mud  bank  graduates 
into  the  mud  of  others  around  it     In  fact  a  large  part  of  the 

Ax.  JouB.  Boi.— Thibd  8bb»8,  Vol.  XVI,  No.  96.— Nov.,  1878, 
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crystalline  rocks  were  once  actual  mud  beds  or  sand  beds ;  and 
even  part  of  the  eruptive  rooks  may  have  been  ao  in  thetr 
earlier  history.  Strongly  drawn  limits  no  where  exist  Bocka 
are  hence  of  different  kinds,  not  of  different  apecies;  and  only 
those  mixtures  are  to  be  regarded  as  distinct  kinds  of  rocks  which 
have  a  sufficiently  wide  distribution  to  make  a  distinct  name 
important  to  the  geologist.  Other  kinds  have  \a  be  classed  as 
varieties,  if  worthy  of  that  degree  of  recognition. 

Id  the  following  pages  I  propose  to  consider  the  value  of  some 
of  the  distinctive  characters  wnicb  are  generally  accepted  at  the 
present  time  in  defining  certain  kinds  of  rocks. 

1.  "  Older"  and  "  Younger." — The  distinctions  "  older"  and 
"younger,"  often  applied  to  a  number  of  kinds  of  eruptive 
rocks,  seem  to  imply  tnat  the  earth  has  generated  different  kinds 
of  rocks  as  it  has  grown  old.  The  terms  have  reference,  how- 
ever, to  only  one  epoch  of  abrupt  change — that  between  the 
Cretaceous  and  Tertiary,  "older'  signifying  pre- Tertiary  and 
"younger,"  Tertiary  or  later  in  date.  It  is  of  eminent  impor- 
tance to  geology  to  know  definitely  whether  this  epoch  was  one 
of  great  change  in  the  earth's  ejections,  and  an  epoch  so  marked 
that  the  rocks  on  one  side  of  the  time-boundary  are  deserving 
generally  of  different  names  from  those  of  the  other;  for  thus 
P  nlhology,  judging  from  some  recent  works,  as  well  as  older,  has 
seemingly  decided. 

Some  examples  of  the  "  older"  kinds  are  dioryle,  diabase,  and  a 
large  part  of  felsyle  ;  and  some  of  the  "  younger"  are  proj/ylyte, 
doleryte  or  basalt,  and  trachytt.  The  value  of  the  distinction 
may  be  learned  from  a  comparison  of  the  rocks  of  one  of 
these  seri&s  with  the  rocks  of  the  other. 

First  as  to  diabase  and  doleryte.  Typical  diabase  consists, 
according  to  the  descriptions,  of  labradorite  and  augite,  wilii 
sonic  magnetite  or  titanic  iron  :  and  so  does  doleryta  Diabase, 
to  a  large  extent,  is  a  crystalline-granular  rock  ;  so  is  doleryte 
Diabase  was  formerly  sujiposed  to  be  peculiar  in  containing 
chlorite,  but  it  is  now  proved,  as  a.sserted  by  Rosenbusch,  that 
chlorite  is  not  an  essential  characteristic,  so  that  diabase  may 
be  chloritic  or  not ;  and  the  same  is  true  of  doleryte.  Old  dia- 
base was  described  a,s  differing  from  the  younger  rock  doleryte 
in  containing  no  glassy  jiortions  or  grains  among  the  crystal- 
line grains:  but  this  also  is  set  aside  by  later  observations,  and 
Rosenbu.sch  accordingly  divides  diabase  into  (1)  massive  gran- 
ular diabase,  (2)  diabase-prophynle,  and  (3)  glass-bearing  dia- 
base ;  and  corresiionding  subdivisions  are  as  good  for  doleryte. 
Thus  in  chemical  composition,  in  mineral  composition,  in  text- 
ure, in  the  presence  or  absence  of  chlorite,  in  the  presence  or 
absence  of  gla8.iy  portions,  the  two  rocks  are  identical.  Anal- 
yses of  "diabases"  from  the  Archcean  to  the  Tertiary,  and  of 
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"  dolery tes*'  of  subsequent  time,  have  shown  that  material  of 
essentially  the  same  chemical  composition,  has  been  ejected  in 
all  geological  ages,  as  has  been  well  urged  by  Allport  and 
others.  The  analyses  might  be  cited ;  but  this  is  not  necessary, 
since  in  mineral  composition  typical  diabase  and  doleryte  are 
admitted  to  be  identical. 

The  fact  as  regards  these  two  rocks,  then,  give  no  founda- 
tion for  the  idea  of  such  a  transition  epoch  in  rock-making  at 
the  close  of  the  Cretaceous  period.  And  if  not,  it  is  bad  for 
geology  to  have  such  epithets  as  "younger''  and  *' older" 
treatea  with  so  great  distinction. 

Again  :  the  diflerence  between  dioryte  ("  older")  and  propylyte 
("younger'*)  is  not  in  the  chemical  or  mineral  composition  of 
the  rocks;  and  hence,  whatever  difference  there  be  is  only  in 
texture  and  is,  therefore,  of  little  geological  value. 

Again,  felsyle  and  trachyte  are  rocks  of  one  and  the  same 
chemical  and  mineral  constitution.  Ordinary  felsyte  consists 
of  orthoclase,  or  orthoclase  and  oligoclase,  with  sometimes  dis- 
seminated hornblende  or  quartz  ;  and  the  same  is  precisely  the 
constitution  of  kinds  of  trachyte.  They  differ  in  aspect,  jmd 
feel  differently  under  the  fingers ;  and  still  some  varieties  of 
felsyte  differ  from  ordinary  trachyte  only  in  having  the  dis- 
seminated orthoclase  crystals  not  translucent,  a  difference  of 
very  small  value  mineralogically  and  not  less  so  geologi- 
cally. The  rock  of  certain  felsitic  dikes  in  Canada  and  Ver- 
mont, Paleozoic  in  age,  is  called  trachyte  by  T.  Sterry  Hunt, 
in  the  Canada  Geological  Report,  because  of  the  essential  iden- 
tity with  that  rock;  and  Mr.  G.  W.  Hawes,  in  his  New  Hamp- 
shire Report  says  (p.  187),  of  New  Hampshire's  "orthoclase- 
porphyry,"  "  were  it  not  that  the  feldspar  is  opaque  orthochise 
instead  of  clear  sanidin  [that  is,  glassy  orthoclase]  one  would 
immediately  think  of  trachyte  on  examining  these  rocks." 
Moreover,  Messrs.  E.  Reyer  and  Suess,  eminent  geologists  of 
Vienna,  have  shown  that  trachyte  occurs  in  the  Euganean  Hills 
of  Cretaceous  and  Jurassic  age,  as  well  as  of  Tertiary.  Further, 
there  are  felsytes  among  the  *' younger"  rocks  of  the  globe,  that 
is,  among  the  products  of  volcanoes,  where  there  is  no  trachyte: 
and  on  the  other  hand,  trachyte  sometimes  graduates  indefin- 
itely into  felsyte. 

The  facts  show,  consequently,  that  orthoclase  rocks,  or  ortho- 
clase and  oligoclase,  have  been  erupted  from  Paleozoic  time 
onward,  and  that  the  distinctions  found  in  some  of  the  latest 
kinds  are  superficial :  a  little  rougher  surface,  more  translu- 
cency  in  the  feldspar,  and  some  glass  at  times  among  the  crys- 
talline graips  ;  but  nothing  that  has  any  geological  weight 
While  tnen  it  may  be  well  to  retain  the  names  of  trachyte  and 
felsyte,  on  account  of  the  obvious  external  differences  and  the 
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wide  extent  to  which  the  two  varieties  of  rock  are  distributed 
over  the  earth's  surface,  the  epithet  "younger"  as  applied  to 
trachyte  and  some  felsyte  cnn  subst;rve  plainly  no  ^ood  aae. 

The essenliat  chemical  identity  of  the  "older" and  "younger" 
rocks  ifl  further  exhibited  in  tlie  fact  that  the  hornblende- 
bearing  rock  lahradoritedioryte,  called  one  of  the  "older,"  has 
the  same  ultimate  constitution  as  the  auglte-beanng  rocks 
"older"  and  "younger,"  called  diabase,  dmeryte  and  basalL 
This  fact  empbaaizea  the  groat  tnith,  that  the  rock-making 
muteriiils  of  former  time  ore  the  same  as  those  of  recent. 

Duritig  and  since  the  Tertiary  era  more  true  subaerial  vol- 
canic eruptions  have  taken  place  than  in  any  one  ancient 
period ;  but  there  were  also  many  then.  As  to  fundamental 
differences  between  the  materials  ejected  by  the  "older"  and 
"younger"  world  there  appear  to  be  none  which  are  of  essential 
importance.  Glass  or  no  glass  is  made  an  important  criterion  ; 
but  glass  is  simply  a  result  of  comparatively  rapid  cooling  and 
alone  indicates  no  eaeentia!  differences  in  the  melted  raaxs. 

Dropping  the  adjectives  "younger"  and  "older"  would 
require  the  dropping  of  the  distinctive  names  based  on  them. 
unless  some  better  reason  exists  for  retaining  them. 

If  diabase  is  not  distinct  from  doleryte  in  some  important  way 
besides  that  of  time  of  eruption,' the  name  diabase  (the  newer 
r  of  the  two)  is  unnecessaiy.  In  fact,  the  rocks  are  not  distinct 
in  exterrinl  characters  an^^  more  than  in  chemical  nr  mjiier- 
alogical.  The  rock  of  the  Giant's  Causeway  was  pronounced 
diabase  on  microscopic  grounds  when  its  geological  age  was 
unknown  :  but  it  has  since  been  proved  to  be  Miocene  Tertiarj" 
and  now  although  just  as  much  diabase  in  constitution  as  be- 
fore, it  becomes,  on  the  "younger"  and  "older"  scale,  doleryte 
or  basalt. 

Some  of  the  dift'erenees  attributed  to  difference  in  age  mav 
be  due  to  differences  in  origin — that  is,  to  the  rocks  being 
metamorphic  in  one  case,  and  eruptive  in  another.  There  arc 
distinctions  of  this  kind  of  great  interest  yet  to  be  followed  out : 
and  they  may  sometime-s  have  a  8uffi<^ient  geological  value  for 
recognition  in  distinct  names,  although  this  may  not  be  gener- 
ally tlie  ca,se. 

2.  FoUabidoruiit. — Some  rocks  are  described  as  having  foliated 

Eyii>xene  or  foliated  hornblende,  that  is,  diallage,  pseudo- 
y]tei-sthene  or  sinarai'dite,  as  the  charactenzing  ingredient.  The 
question  here  is  whether  the  distinction  of  JbUatud  or  not/oltalfd 
is  of  sufficient  importance  to  be  used  as  a  distinction  among 
kinds  of  rocks. 

In  the  Jirst  place  it  is  trivia!  as  a  crystal lographie  distinction. 
gondii/,  although  mineralogy  once  made  much  of  the  distinc- 
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tioQ,  it  now  makes  little  of  it.  Thirdly^  it  is  not  sustained  by 
the  analyses  of  the  varieties  of  foliated  pyroxene— diallage, 
and  the  wrongly  called  hypersthene  being  essentially  identical 
in  composition  with  common  augite  of  eruptive  rocks,  and  the 
smaragdite  with  other  crystallized  hornblenda  This  is  shown 
in  any  work  giving  fiill  lists  of  analyses  of  minerals,  and  is 
well  understood ;  yet  the  introduction  here  of  a  few  of  the 
analyses  may  not  be  superfluous.  Nos.  1  to  5,  are  of  diallage 
and  pseudo-hypersthene,  and  6  to  8  of  augite  crystals  from 
Etna  and  Vesuvius. 

SiO,  Al.Oa  PeO  MnO  MgO    CaO    H,0 

1.  Florence,  DMril...  53-20  2-47     8-67  0*38  14*91  1909  177  =  100-49,  K6hler. 

2.  Piedmont,  DidU...  5005  2*58  11-98   17*24  15*63  213=  99*61,  Regnault 

3.  GraubQncU»n,i>taa.  4912  304  11*45   15*33  18*54  1*46=  99*94,  y.  Rath. 

4.  Harzburg,  Hyp.  ..  52*34  305     8*84   15-58  1918  0*66=  99*65,  Strong. 

5.  Neurode,  Hyp 53-60  1-99     8*95  0*28  1308  21*06  0*86=  9982,  v.  Rath. 

6.  Etxia,  AugiU  OrysL  50*55  4*85     7-96   13*01  22*29   =  98*66,  Kudematach. 

7.  Veeuviua,     "  50*90  6-37     6*25   14*43  22*96 =  99*91,  Kudernatsch. 

a  Vesuvius,     "  49*61  4*42     908   14*22  22-83    =100*16,  Rammelsberg. 

The  mineralogical  and  chemical  diflFerences  are  thus  too 
slight  to  make  the  distinction  of  any  lithological  importance, 
and  this  importance  can  be  sustained,  if  at  all,  only  on  geologi- 
cal cOnsiderationa 

The  particular  rock,  in  the  description  of  which  the  charac- 
ter stands  prominent,  is  that  called  Oabbro  in  Germany.  It  is 
well  known  that  this  Italian  word  was  the  provincial  name 
originally  of  common  serpentine.  Ferber  in  his  "Briefe  aus 
dem  Walschland"  (Letters  from  Italy),  written  in  the  years 
1771,  1772,  and  published  in  1773,  describes  so  well  the  rock 
near  Florence,  that  we  cite  briefly  from  him.  He  first  says,  in 
a.  letter  from  Florence  of  Dec.  11,  1771,  (in  which  he  gives 
scientific  notes  on  the  minerals  and  rocks  of  the  r,egion)  that 
the  Gabbro  of  the  Italians,  occurring  in  Italy,  Tuscany  and 
Genoa,  is  identical  with  the  serpentine  of  Saxony.  Then,  in 
another,  of  May  23,  1772,  he  repeats  the  statement  and 
describes  particularly,  and  with  scientific  precision,  the  gabbro 
of  Mt  Impruneta,  near  Florence,  and  mentions  the  occurrence 
in  it  of  a  talky  micaceous  mineral  which  afibrds,  he  says,  a  pow- 
der greasy  to  the  touch  (the  diallage)  and  also  amianthus.  He 
then  adds  that  "  in  horizontekn  Schichten  in  den  Gabbro-Bergen 
um  Impruneta  findet  sich  der  sogenannte  Oranitone^  welcher 
aus  weissen  Feldspat,  der  an  einigen  Stellen  Kalchspatartig  ist 
und  mit  Sauren  brauset,  etwas  grtinlichtem  silberfarbigen  wiir- 
flichten  Glimmer,  und  griinlicher  Serpentin-Erde,  besteht : " 
a  description  that  distinguishes  the  gabbro  from  the  granitone. 
Farther,  he  says,  that  some  of  the  granitone  consists  of  the 
"white  feldspar  in  large  parallelopipeds  and  green  gabbro- 
earth,  without  the  micaceous  mineral. 
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The  word  Oahhro,  as  il  is  now  used  (and  was  eo  first  by  von 
Bach  in  1810)  is  applied  to  the  granilom,  the  associate  of  the 
Italian  gabbroj'bnt,  besides  this,  t»  rocks  consisting  of  foliated 
pyroxene  (sometimes  called  hjpersthenile),  and  cleavable  lab- 
radorile  the  idea  of yo/«ifc(/ stand ing  out  prominently  ;  and  also 
to  an  eruptive  diabase-like  or  doleryte-like  rock,  in  which  the 
augite  happens  to  hefoliaUd. 

In  this  last  variety,  as  the  analyses  show,  there  is  evidently 
no  foundation  whatever  for  sepaiating  the  rock  from  other 
labradorite-augite  eruptive  rocks. 

Granitone  is  the  same  as  enpholide,  a  rock  distributed  at 
intervals  along  the  Alps  from  Savoy  and  Is^re  in  France 
through  Piedmont,  to  tne  valley  of  the  Saas,  north  of  east  of 
Monte  Rosa,  and  the  Graubiindten,  occurring  also  in  Silesia  and 
on  the  island  of  Corsica,  and  found  commonly  associated  with 
serpentine.  Its  chief  characteristic  is — not  its  _foUatM  diallnge 
or  smaragdite  (either  of  which  is  usually  a  mixture  of  horn- 
blende and  pyroxene),  but  its  consisting  largely  of  the  com- 
pact jade-like  mBterial  called  saussuriie ;  for  it  would  be  the 
same  rock,  esseutially,  whether  the  hornblende  and  pyroxene 
were  distinctly  foliated  or  not;  and,  in  fact,  in  part  of  it  the 
texture  is  aphanitic,  and  nothing  foliated  is  distinguishable. 

Saussurite  has  a  close  relation  to  some  of  the  feldspars  in  ita  i- 
constituents,  it  being  esBenttally  a  soda-lime-alumina  silicate^ 
jiikI  still,  at*  has  lon^  been  recogniwd,  it  is  not  a  feidtijiar.  This 
has  been  rightly  .sustained  by  the  fact  of  the  hign  density, 
which  is  over  29  (2-9  U>  34),  'in  saussurite,  and  less  than  2-765 
in  the  feld.-^par  group.  It  is  further  prnved  by  its  occurrence 
occasionally  under  the  crystalline' fonns  of  a  triclinic  feldspar, 
hut  with  a  fine  granular  or  aphanitic  structure;  thus  havmg, 
instead  of, the  cleavage  structure  belonging  ti>  the  feldspar,  a 
feature  belonging  to  a  pseudomorph.  In  such  cases  it  was  once 
feldspar:  but  some  change  has  come  over  it  that  has  resulted 
in  a  molecular  transformation,  allecting  both  the  crystalline 
character  and  the  density.  Saussurite  apjiears  to  cover  a  group 
of  minerals,  like  feldspar.  One  kind  is  between  anorthite  and 
zoisite  in  comjiosition,  though  diftering  from  both  in  the  soda 
and  magnesia,  and  from  all  feldspars  in  its  not  having  the 
(elds par- ratio  between  the  silica  and  soda.  A  second  has  the 
comiHtsition  of  labradorite;  and  a  (/nVi/ the  com]K)sition  nearly 
of  oligoclase.  A  foiirtli,  from  Corsica,  analyzed  by  Boulanger, 
is  !i  lime-aluminiL  silicate,  like  anorthite  and  zoisite.  The 
saussurite  group,  with  density  between  2'9  and  3-4,  runs  nearly 
parallel  with  the  feldspar  group.  The  fii-st  is  Saussuriie,  Th.  de 
Saussure  having  named  thus  the  Lake  Geneva  variety,  after  his 
fiither,  ill  ISOd;  the  third  is  Judeite;  and  th?  second  maybe 
called,  from  one  of  its  localities,  Genevrite. 
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The  following  are  analyses  of  the  three  prominent  kinds,  and 
of  normal  anortnite,  labradorite  and  oligoclasa 

L  SiO,   ^0,  FeO,  FeO  MgO  GaO  Na^O  K,0  ign. 

L.  Geneva 43-69  2772  2-61   2*98  19-71  308   0-36= 10004,  Hunt. 

L.  Geneva 46-34  3028   137  3-88  1387  423   0-71=  99*68,  Rkenacher. 

Schwartewald 4264  3100   2-40  6*73     8*21        383      383=  97  64,  HfttUn. 

II. 

Mt  G^endvre 49-73  29*66   0-86  0*56  11*18  404  0-24  3*75=100*00,  Delesse. 

SUeeia 60*84  2600  2*73   0*22  14-95  4*68  0*61  1-21  =  101*24,  v.  Rath. 

SUeaia 61*76  26*82  1*77   0*35  12*96  461  0*62  0*68=  99*67,  Chandler. 

Unst 62*21  29*64  0*48   0*26  12*43  4*00  0*44  0*11=  99-56,  Heddle. 

Unst 53*14  29-99  0*25   0*21  12*29  3*86  047  0-21  =  100*42,  Heddle. 

Durance 6612  17*40  7*79  3*41  8*74  3*72  0*24  1*93=  99*36,  Delesse. 

m. 

JadeUe,  China 69*17  22*68  115  1*15  2*68  12*93    tr,     =100*07,  Damour. 

"        Switz 68*89  22*40  1*28  1*28  3*12  12*86  0*49  0*20=100*63,  FeUenberg. 

"  "      ...  68*28  21-86  241  1*99  2*63  13-97 MnO 0*22,  Fellenb. 

Nonnal  anorthite  .  43-1  36*9 20*0 =100 

Nonnal Ubradorite  52*9  30-3 12*3    45 =100 

Nonnal  oligodaae .  61*9  24*1 5*2    8*8 =100 

Specific  gravity  of  1,  3-227  ;  of  2,  3-3-3-4;  of  3,  316;  of  4,  310;  of  6,  2998; 
of  6,  2*74;  of  7,  2  95;  of  8,  2*964;  of  9,  2923;  of  10,  333-3-36;  of  11,  3*32; 
of  anorthite,  2*66-2*763;  of  labradorite,  2*67-2*76;  of  oligodase  2-56-2*72. 

To  No.  9,  add 6r0,  051,  and  to  11,  ZnO  0*73.  Nos.  10  to  12  are  only  known 
worked  into  ornaments,  but  the  kind  may  yet  be  found  in  the  Alps.  No.  6  has 
the  specific  gravity  of  labradorite  and  was  therefore  that  species,  a  mineral  that 
would  be  present  where  the  ciystallization  took  place  without,  or  with  only  par- 
tially, the  conditions  needed  to  produce  saussurite.  No.  9  is  of  the  globules  of 
Uie  "'  Variolite  of  Durance,"  a  rock  associated  with  euphotide. 

Boulanger's  saussurite,  from  Corsica,  is  near  zoiaite  in  composition  and  density 
(G.=3-18),  as  stated  by  T.  S.  Hunt,  who  referred  aU  true  saussurite  to  zoisite  (con- 
firming his  view  by  his  analysis  above),  and  the  part  near  labradorite  to  that  of 
feldspar.    Damour  obtained  (orjadeiie  the  ratio  1:2:6. 

The  relation  to  the  feldspar  group  indicates  the  occurrence 
of  special  geological  circumstances,  which  turned  feldspathic 
material  into  saussurite.  The  circumstances  that  determined 
the  crystallization  or  metamorphism  may  have  produced, 
in  its  incipient  stage,  soda-lime  feldspar;  but  it  ended  in 
making  a  large  part,  or  the  whokj  saussurite.  Moreover  the 
hornblende  has  been  shown  to  be  in  part,  at  least,  pseudomor- 
phous  after  pyroxene;  so  that  the  foliated  ingredient  bears  like 
evidence  in  mvor  of  this  mode  of  origin.  Consequently  saus- 
surite rocks  not  only  differ  molecularly  from  any  labradorite 
or  feldspar  rock,  but  are  indications  of  peculiar  geological 
operations  on  a  large  scale ;  and  this,  connected  with  other 
differences,  makes  it  desirable  to  distinguish  such  rocks  by  a 
special  name.  The  saussurite,  and  not  the  foliated  mineral,  is 
toe  chief  ingredient  on  which  the  distinction  rests. 

Euphotide  is  therefore  a  different  rock  from  any  consisting 
of  cUavahle  labradorite  and  pyroxene  or  hornblende,  both  on 
mineralogical  and  geological  grounds.  l^hQ  foliated  condition 
of  the  latter  constituent  is  not  reason  enough  for  overlooking 
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tliB  more  fiinclamental  differcnuea  As  the  name  gobhro  has 
covered  rocks  of  so  different  kinds,  litholt^y  would  be  freer 
of  ambiguities  without  it. 

The  true  labradorite-and-pyroxene  rock  of  Scandinavia,  the 
Adinmdacks,  British  America  and  other  regions,  sometimes 
called  Noryte — the  third  kind  of  gabbro — has  the  chemical  and 
mioeralogical  constitution  of  diabase  or  dolervte.  But  it  dif- 
fera  from  these  in  ila  granitoid  aspect  and  geological  relations, 
and  is  of  raetaniorphic  origin ;  and  as  it  is  of  wide  geographical 
distribution,  geology  seems  to  require  for  it  a  distinct  name,  and 
noryte  is  an  appropriate  one.  The  pyroxene,  though  generally 
foliated,  is  not  always  so.  When,  in  place  of  pyroxene,  there 
is  tnie  hypersthene,  a  mineral  of  different  composition  and 
character,  as  at  St.  Paul's,  Labrador,  the  rock  is  then  rightly 
called  Ilyperet/ienyte,  and  this  name  is  so  used  by  Zirkel. 

S.  Porphyrilic  Slruclure. — Porpbyry  naturally  took  the  posi- 
tion of  a  species  in  the  mineralogy  of  the  ancients.  But  it  ia 
now  well  known,  and  generally  admitted,  that  the  porphyritic 
structure  is  largly  due  to  conditions  attending  the  former  tem- 
perature and  cooling  of  the  rock-mass,  and  distinguishes  only 
vaiieties.  But  still  it  is  usual  to  find  dioryte  divided,  for  its 
primary  subdivisions,  into  ordinary  dioryte  and  dioryte- porph- 
yry; aiabess  into  granular  diabase  and  diabase-porphyry  or 
di abase- porphy rite :  felsyte  into  felsyte  and  felsyte-porphyry  ; 
and  ao  on,  as  if  the  porph_vi'ilic  ati'uctiirc  were  dcscrvinj,'  of 
first  prominence  in  the  question  of  division  into  varieties,  even 
greater  than  mineral  constitution;  and  sfinietiines  it  is  even 
made  the  basis  of  a  distinct  kind  of  rock. 

But,  ^y^z-si,  this  porphyritic  feature  is  only  one  gi-ade  in  the 
crysUdiinc  condition,  and  is  of  no  inoic  value  as  regards  rook- 
distinctions  than  other  grades. 

iSecoitdl;/,  it  is  of  far  less  importance  in  this  i-espect  than  any 
variations  in  chemical  or  mineral  comjxisitions,  such  as  arc 
made  the  biusis  of  other  varieties. 

Thirdly^  it  has  often  little  stibility  in  a  rock-formation: 
for  transitions  in  a  dioryte  from  porphyritic  dioryte  to  non- 
jwrphyritie  are  often  found  to  take  place  at  short  inter- 
vals, laterally  as  well  as  vertically;  and  so  it  is  with  otliur 
Sorphyritic  rocks.  Within  three  miles  west  of  New  Haven, 
onnecticut,  a  labradorite-dioryte  undergoes  many  such  transi- 
tions in  intervals  of  a  few  rods,  illustrating  the  little  value  of 
the  distinction  based  merely  on  this  condition  in  the  feldspar. 
Ilalf  a  dozeu  miles  farther  west  there  is  porpliyritic  granite 
which  graduates  in  a  few  i/ards  at  some  points  into  porphyritic 
gneiss  (the  crystids  of  orthoclase,  two  inches  long  and  three- 
fourths  of  an  inch  broad)  and  this  last  graduates  near  by  into 
ordinary  gneiss  ;  and  gradations  I'roiii  porpliyrytic  to  ordinary 
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gneiss  are  very  common  in  the  r^on.  Such  facts  make  it 
evident  that  the  porphyritic  structure  is  a  characteristic  of 
little  relative  importance ;  that  a  porphyritic  variety  may  have 
rightly  a  place  on  a  level  with  other  ordinary  varieties,  but 
never  above  one  based  on  variations  in  composition. 

The  porphyritic  structure  is  an  easy  character  to  observe, 
but  this  is  not  an  argument  in  its  favor  that  science  can  enter- 
tain. Such  names  as/elsite-porphyrej  amygddbporphyre^  grantto- 
porphyre,  melapht/re  (this  last  signifying  "  black  porphyry'*)  and 
others  (abbreviated  sometimes  to  felsophyre,  amvgdalophyre, 

Eanophyre,  etc)  have   high   authority.      But  they  seem  to 
long  rather  to  books  on  polished  stones  than  to  scientific 
works  on  lithology. 

The  occurrence  also  of  the  augite  of  an  eruptive  rock  in 
distinct  crystals,  or  of  quartz  in  double  pyramids,  and  other 
similar  cases,  can  have  nothing  more  than  a  small  varietal 
value.  The  criterion — crystals  or  not — is  sufficient  to  distin- 
guish only  varieties  in  mineralogy ;  and  lithology  can  rightly 
make  no  more  of  it 

[To  be  oontinuecL] 


Art.  XXXIX. — On  the  Spectrum  of  the  Corona;  by  W.  T. 

Sampson,  U.  S.  N. 

So  FAR  as  I  can  learn  from  the  daily  papers,  there  seems  to 
be  a  considerable  unanimity  of  opinion  as  to  the  nature  of  the 
li^ht  of  the  corona.  My  observations,  made  at  Separation, 
with  Prot  Newcomb,  lead  me  to  a  somewhat  different  conclu- 
sion from  those  above  referred  to ;  I  therefore  ask  leave  to 
describe  mv  work. 

Like  many  other  observers  of  the  eclipse  I  had  set  myself 
the  task  of  determining  the  source  of  the  light  of  the  corona  ; 
and  this  I  attempted  only  so  far  as  to  decide  by  the  presence  or 
absence  of  dark  lines  in  the  spectrum  of  the  corona,  whether 
the  light  was  the  reflected  light  of  the  sun  or  due  to  the  self- 
luminous  material,  or  whether  it  was  due  to  both  these  com- 
bined. For  this  work  I  used  a  direct  vision  five-prism  spec- 
troscope, made  by  Browning,  attached  to  an  equatorially 
mounted  telescope  of  3^  inch  aperture  and  about  five  feet  focal 
length.  In  addition  I  had  prepared  to  use  a  hand  polariscope 
consisting  of  a  double-image  pnsm  and  mica  plate.  These  were 
the  best  tools  for  the  work  at  my  command.  A  few  days  before 
the  eclipse  Mr.  Lockyer  asked  me,  if  time  permitted,  to  exam- 
ine with  a  radial  slit  whether  the  1474  line  came  close  down 
to  the  sun's  surface  or  broke  off  some  distance  above  it  Pre- 
vious observers  were  somewhat  at  variance  as  to  the  fact 
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and  upon  it  seemed  to  depend  the  simple  or  compound  nature 
of  the  gttB  emitting  tlie  green  liglit.  I  therefore  (fetennined  to 
commence  my  work  by  adjusting  the  slit  tangent  to  the  disap- 
pearing limb  of  the  sun  at  the  begiuniog  of  totality  in  order  to 
witness  the  reversal  of  the  Fraunholer  lines,  bo  admirably  seen 
by  Prof.  Young  in  1870,  but  not  visible  to  some  observers  who 
looked  for  them  in  1871.  I  proposed  to  look  particularly  for 
the  1474  line  with  the  slit  in  this  position  and  then  to  place  it 
radially  to  see  if  the  line  thickened  as  it  approached  the  sun's 
surface.  The  remainder  of  the  time  was  to  be  devoted  to  the 
dark  lines  of  the  coronal  spectrum  and  lo  the  jxtlariscope.  I 
was  fortunate  in  securing  the  services  of  Dr.  Dewitt,  iLD.. 
U,S.A.,  to  direct  my  telescope.  During  two  days  we  practiced 
upon  the  changes  and  adjustments  I  had  decided  upon  making 
during  totality.  By  practice  upon  bright  clouds,  the  sky  and 
the  moon,  I  decided  that  I  could  open  the  slit  to  -1  mm,  while 
searching  for  the  dark  lines.  All  previous  observers  bad 
described  tho  continuous  spectrum  as  fainL  It  was  therefore 
necessary  to  use  a  slit  aa  wide  as  possible  and  at  the  same  time 
be  certain  of  seeing  the  lines.  As  totality  approached  we 
adjusted  the  slit  carefully  tangent  to  the  narrow  crescent  of  the 
Bun.  The  slit  plates  had  previou.-^ly  been  covered  with  while 
paper  to  secure  a  distinct  image  of  the  corona  at  the  focus  i4 
the  objective.  The  telescope  of  tbe  speciroacope  was  clamped  aa^i 
as  to  have  thn  spectrum  from  about  C  to  F  in  the  field.  Placing 
my  eye  ai  the  telescope  in  time  to  get  the  last  glimmer  of  the 
solar  spectrum,  I  was  greatly  surprised  an  instant  after  at  the 
brilliancy  with  whicli  the  bright  lines  appeared,  flashing  out  at 
once  to  their  maximum  brightness.  1  he  time  during  which 
this  beautiful  sight  lasted  was  not  sufficient  for  me  to  [>osi- 
tively  identify  the  lines ;  yet  their  familiar  grouping  left  no 
doubt  in  my  mind  that  they  occupied  the  places  which  a  mo- 
ment before  had  been  occupied  by  the  dark  lines  of  the  solar 
spectrum.  The  continuous  spectrum  of  the  sun  entirely  disap- 
peared before  the  bright  lines  made  their  appearance.  I  could 
not  estimate  the  number  of  bright  lines  that  were  in  the  field 
during  the  probable  two  seconds  they  were  visible,  but  thev 
were  very  numerous  and  the  impression  left  upon  my  minS 
was  that  their  brilliancy  corresponded  to  the  darkness  of  the 
same  absorption  bands  in  the  solar  spectrum.  From  its  bright- 
ness and  position  I  am  confident  I  saw  the  1474  line.  When 
this  brilliant  line  spectrum  vanished,  no  lines  either  dark  or 
bright  were  visible,  but  a  continuous  spectrum  held  its  place. 
I  did  not  notice  any  continuous  spectrum  while  the  lines  were 
visible. 

As  previously  arrange*!   the  slit  was  placed  radially,  still 
nothing  was  visible  but  a  continuous  spectrum,   not  bright. 
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?he  slit  was  at  this  time  open  '02  mm.  to  which  it  was  set  be- 
ore  the  eclipse  began.  The  spectroscope  was  now  rotated  90*^ 
nd  the  slit  opened  to  the  division  of  the  screw-head  previously 
[ecided  upon.  The  spectrum  was  then  much  brighter  than  I 
lad  anticipated.  I  directed  my  assistant  to  move  the  slit  grad- 
lally  away  from  the  sun  through  the  brightest  part  of  the 
orona.  This  was  done  until  the  spectrum  disappeared,  when 
t  was  moved  back  again.  The  spectrum  being  so  bright  I 
lirected  the  slit  to  be  partly  closed.  I  do  not  know  how  wide 
b  was  during  the  latter  part  of  my  search  and  omitted  to  exam- 
ne  it  after  the  eclipse,  but  I  estimate  that  it  was  not  more  than 
)6  mm.  The  image  of  the  corona  on  both  sides  of  the  sun, 
ast  and  west,  was  caused  to  slowly  move  over  the  slit,  yet  no 
race  of  a  break  in  the  continuous  spectrum  was  visible. 
?hough  the  spectroscope  was  adjusted  for  sharp  definition  of 
ines  between  0  and  P,  1  rep)eatedly  swept  over  the  whole  length 
it  the  spectrum.  I  am  confident  that  if  the  dark  lines  had  ap- 
proached in  distinctness  those  of  the  solar  spectrum  they  could 
lOt  have  escaped  my  attention,  which  was  continued  to  the  end 
f  totality.  Two  minutes  at  least  was  devoted  to  this  search, 
^he  conclusion  therefore  forces  itself  upon  my  mind  that  the 
ight  of  the  corona  is  not  all  reflected  lignt.  Several  considera- 
ions  I  think  lead  to  this  conclusion.  Until  this  eclipse  no 
bserver  has  ever  seen  the  dark  lines  in  the  spectrum  of  the 
orona  except  M.  Janssen,  who  reported  dark  Imes,  notably  D 
1  1871,  but  much  more  difiicult  to  see  than  the  bright  lines. 
leveral  observers  during  the  recent  eclipse  failed  to  see  the  dark 
ines,  though  they  looked  for  them  carefully.  While  I  do  not 
uestion  the  results  of  observers  who  report  the  presence  of 
ark  lines  I  think  all  the  observations  taken  together  show 
[lat  the  continuous  spectrum  of  the  corona  is  not  the  spectrum 
f  the  sun.  Aside  from  this.  Prof.  Arthur  W.  Wright  made 
leasurements  of  the  polarization  of  the  light  of  the  corona, 
be  first  time  I  think  it  has  been  attempt^,  and  has  found 
[ie  polarization  to  be  but  a  small  percentage  of  the  whole  light 
mitted.  Although  all  reflected  light  does  not  reach  us  as  polar- 
sed  light,  yet  I  think  the  small  percentage  of  polarization 
iken  with  the  faintness  of  the  dark  lines  indicates  tnat  the  cor- 
ns is  to  a  considerable  extent  self-luminous.  The  meteoric 
ost  not  only  reflects  the  sun's  light  but  it  is  continually  show- 
ring  upon  the  sun  and  in  its  passage  through  its  atmosphere 
I  rendered  incandescent 

No  photographs  of  the  spectrum  of  the  corona  can  probably 
irow  any  light  upon  the  matter. 

Augostai,  1871. 


r 
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AbT.  XL.~Note  on  tJie  ReCiciil-ited  Fonns  of  tiie  Sun's  Surface  ; 
by  Edwabd  S.  Holdkn.  Communicated  by  permission  of 
near  Aciininil  John  Rodgers,  Supt  U,  S.  Naval  Observatory, 

On  September  16  and  succeeding  days  a  watch  was  kept  on 
the  Biin's  disc,  at  the  request  of  Professor  WaLson,  for  a  ]X)asible 
transit  of  Vulcan. 

Just  before  noon  of  September  16,  Professor  Eastman  called 
my  attention  to  certain  cloud-sbaped  forms  on  the  sun's  disc 
which  wore  visible  wlieu  the  sun's  image,  seen  by  projection, 
was  allowed  to  move  across  a  white  screen.  This  was  with  the 
S-6  inch  Munich  equatorial.  I  immediately  turned  tbe  26-inch 
equatorial  (with  aperture  reduced  to  six  inches  and  power  200) 
upon  the  sun  ana  caused  it  tu  follow  the  sun  by  tlic  driving 
clock.  The  image  was  thrown  on  a  wbit«  screen  about  twelve 
inches  from  the  focal  plane  and  the  shadows  of  the  micrometer 
wires  (which  were  placed  100"  apart)  gave  a  scale  of  reference. 


ReHciLlated  Stnioture  of  Solar  Surface 

The  general  mottling  of  the  surface  was  not  so  well  seen 
when  the  telescope  was  driven  by  the  clock,  as  when  the  image 
was  allowed  to  move  across  the  screen.  But  close  attention 
showed  the  whole  surface  to  he  covei-cd  by  a  network  of  dark 
lines  2"-^"?  in  thickness,  each  hounding  an  area  wbicli  in  gen- 
eral shape  strongly  suggested  the  polygonal  forms  photc^raphed 
by  Jansscn  and  iircvioualy  descnbed  and  ligured  by  Huggiiis 
aiid  Langlcy.  The  area  bounded  by  these  lines  was  not  seen 
filled  by  the  smaller  forms  of  Jansseii.     These  dark  lines  wlieii 
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seen  were  traced  upon  the  screen  by  pencil  lines  and  the  resalt 
13  shown  in  fig.  1.  The  representation  is  rough  at  best,  but  it 
has  the  merit  of  fidelity.  As  I  was  in  doubt  as  to  the  meaning 
of  my  sketch  and  almost  as  to  the  real  nature  of  the  appear- 
ances, I  enclosed  it  to  Professor  Langley  and  received  from  him 
the  accompanying  sketch,  made  July  25,  1873,  at  Allegheny, 
and  a  letter,  a  portion  of  which  I  quote  with  his  kind  permission. 


"Aux«HXVT  Obsbktarwt,  Alleghenj,  Pa.,  Sept  33,  1878. 

"The  reticulated  surface-forms,  seen  in  good  definition, 
occapied  me  at  one  time,  and  I  enclose  one  of  my  early 
sketches  reduced  to  the  same  scale  as  yours.  In  the  very  best 
definitioD  I  think  you  would  find  these  less  coospicuous — not 
that  they  are  a  product  of  poor  seeing,  but  that  an  exquisite 
deBoitioD  fills  the  field  with  details  of  which  these  seem  but  the 
adKregaUons.  Yet  it  cannot  be  said  to  be  absolutely  sure  that 
inu  ODBCuration  of  detail  may  not  occur  in  the  sun  itself  and 
present  itself  in  the  best  seeing.  I  am  disposed  to  admit  the 
possibility  of  this,  while  holding  that  the  change  is  ckteflif  from 
oar  own  atmosphere.  It  is  at  any  rate  interesting  to  see  how 
well  onr  drawings  agree  in  giving  a  certain  uniformity  of  size 
to  these  clusters  (clusters  of  smaller  objects  I  take  them  for). 

It  is  quite  clear  that  there  is  an  essentia!  agreement  here 
between  our  entirely  iodepeudent  sketches." 

It  should  be  mentioned  that  at  Washington  the  definition 
was  exceptionally  good.  The  steadiness  of  the  image  I  should 
call  Wl  4  on  a  scale  of  5  =  perfectly  steady ;  I  =  extremely 
QDSteady.     The  sky  was  quite  clear. 

It  has  seemed  to  me  since  receiving  Professor  Langley's  letter 
that  these  observations  should  be  recorded,  in  spite  of  their 
fragmentary  character. 

U.  a  Nftnl  ObwrTBtOTj,  Oct  I,  1B78. 
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Art.  XLL— Oiwepwilibfw  of  Bright  Meteors;  by  Edwin  F. 
Sawteb. 

The  following  short  list  of  meteors,  equal  to  or  exceeiilmji 
first  magnitude  stars  in  brightness,  have  lately  been  re«onlea 
by  me  during  some  regular  period  of  watching,  at  Cambridge, 
Mass.  The  times  of  apparition  may  be  considered  as  accurate 
to  within  half  a  minute.  The  list  is  given  for  publication  in 
hope  that  other  observers  may  have  recorded  some  of  them,  in 
which  case  interesting  and  valuable  results  can  be  deduced. 

No,  14  was  also  aeen  and  mapped  by  Mr.  S.  (/.  Chandler,  Jr., 
at  Marlboro,  N.  H.,  further  pHrticulnrs  of  which,  together  witti 
the  reaults  deduced  from  others  doubly  observed  bv  Mr. 
Chandler  and  the  wriU'r  during  the  last  of  August,  will  be 
giveu  in  a  future  communication. 
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8  4r>;    1 

lN7i  +  46      lB5i 

+  .181    6 

Rapid. 

Aug,  30 

237    +50      2S3i 

+  B21,13 

Slow;  deep  orange. 

Aug.  31 

8  3r.'      1 

212    +24    1  202i 

+  26  1   9 

Slow;   near  a  Botitea. 

Sepl    t 

10    f       1 

23.;    +30  '232 

Rapid;  near  0  Coroure. 

Sept,  18 

8  29       1 

la.H  -16  I325 

-20  1   5 

Slow;  orange;  orange  streak. 

Sept.  20 

9  39       1 

129-2     32S 

-IS    14 

Rapid;    from  uear  a  Aquarii. 

Sept.  22 

7  19 

289   -16      29ft 

-  a  111 

Rapid. 

Sept  21 

SJ3 

>lt 

21-171 

^ 

-32      5 

Verti^lly:  very  slow;  near  J  C^li 
deep  orange;  nolraO;  2  sec 

Sept  23 

7  18 

3551  +  121 

3*6 

-   01  15 

Rapid. 

Sept.  23 

8  25 

380    +28 

10 

+  26     10 

2  Bet ;  green. 

Sept,  23 

9  2f! 

>1 

42    +56 

+  B5    LI3 

Slow;  viailile  2  Beo. ;  blue. 

Sept.  27 

BIO 

-Hli  +  1« 

341 

+  22      7 

Very  slow:   I'B  aec  ;   orange. 

Sept.  28 

9aa 

49    +    8 

47 

-   2    10 

Rapid;  green. 

Sept.  29 

9    & 

1 

15    +    3 

Sept  29'  9  36'      1 

48    +21        66 

+  nt:  8 

Rapid. 
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Art.  XLII. — Remarks  07i  the  General  Ocean  Circulation ;  by 
Sib  Wyville  Thomson.  From  his  Address  to  the  Geo- 
graphical Section  of  the  British  Association,  at  its  recent 
meeting.* 

It  was  pointed  out  long  ago  by  Sir  Charles  Lyell  that  many 
of  the  most  marked  phenomena  of  the  present  physical  condi- 
tion of  the  ^lobe  depend  apon  the  fact  that  the  surface  of  the 
world  is  divided  into  two  hemispheres,  one  of  which  contains 
nearly  the  whole  of  the  dry  land  of  this  world,  while  the  other 
is  almost  entirely  covered  by  water.  The  center  of  the  land 
hemisphere  is  somewhere  in  Great  Britain,  and  the  center  of  the 
water  hemisphere,  which  includes  the  southern  sea,  the  South 
Pacific,  whatever  antarctic  land  there  may  be,  Austi*alia,  and 
the  southern  point  of  South  America,  is  in  this  neighborhood 
of  New  Zealand.  With  a  full  knowledge  of  the  absolute  con- 
tinuity of  the  ocean  we  have  hitherto  been  too  much  in  the 
habit  of  regarding  it  as  composed  of  several  oceans,  each  pos- 
sibly under  special  physical  conditions.  All  recent  observa- 
tions have,  however,  shown  us  that  the  vast  expanse  of  water 
which  has  its  center  in  the  southern  hemisphere  is  the  one  great 
ocean  of  the  world,  of  which  the  Atlantic  with  the  Arctic  Sea 
and  the  North  Pacific  are  merely  northward  extending  gulfs ; 
and  that  any  physical  phenomena  afiecting  obviously  one  por- 
tion of  its  area  must  be  regarded  as  one  of  an  interdependent 
system  of  phenomena  afiecting  the  ocean  as  a  whole. 

Shallow  as  the  stratum  of  water  forming  the  ocean  is — a  mere 
film  in  proportion  to  the  radius  of  the  earth— it  is  very  defi- 
nitely split  up  into  two  layers,  which,  so  far  as  all  questions 
concerning  ocean  movements  and  the  distribution  of  tempera- 
ture are  concerned,  are  under  very  different  conditions.  At  a 
depth  varying  in  different  parts  of  the  world,  but  averaging 
perhaps  600  fathoms,  we  arrive  at  a  layer  of  water  at  a  tem- 

Eerature  of  40^  F.,  and  this  may  be  regarded  as  a  kind  of  neutral 
and  separating  the  two  layera  Above  this  band  the  tempera- 
ture varies  greatly  over  different  areas,  the  isothermobathic  lines 
are  sometimes  tolerably  equally  distributed,  and  at  other  times 
crowding  together  towards  the  surface,  while  beneath  it  the 
temperature  almost  universally  sinks  very  slowly  and  with 
increasing  slowness  to  a  minimum  at  the  bottom. 

The  cause  of  natural  phenomena,  such  as  the  movements  of 
great  masses  of  water,  or  the  existence  over  large  areas  of 
abnormal  temperature  conditions,  are  always  more  or  less  com- 
plex, but  in  almost  all  cases  one  cause  appears  to  be  so  very 
moch  the  most  efficient  that  in  taking  a  general  view  all  others 

*  Nature,  August  22,  1878. 
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may  be  practically  disregartied :  and  speaking  in  thU  sense  it 
qui;  be  said  that  the  trade-winds  and  their  raodiScations  and 
counter-currenu  are  the  cauue  of  all  movements  in  the  etratura 
of  the  ocean  above  the  neutral  layer.  This  systeni  of  horizontal 
circulation,  although  so  enormously  important  in  its  inHuences 
ujKjn  the  distribution  of  climate  is  sufficiently  simple.  Disre- 
garding minor  details,  the  great  equatorial  current  driven  from 
cast  to  west  across  the  northerly  extensions  of  the  ocean  by  the 
trade-winds,  impinges  upon  the  eastern  coasts  of  the  continents 
A  branch  turns  northward  and  circles  round  the  closed  end  of 
the  Pacific,  tending  to  curl  back  to  the  North  A  merican  coast 
from  its  excess  of  initial  velocity  ;  and  in  the  Atlantic,  follow- 
ing a  oorreaponding  course,  the  Quit  Stream  bathes  the  shores 
of  Northern  Europe,  and  a  branch  of  it  forces  ita  way  into  the 
Arctic  basin,  and  battling  against  the  palteocrystic  ice,  keeps 
imperfectly  open  the  water-way  by  which  Nordenskjdld  hopies 
U>  work  his  course  lo  Behring's  Strait.  The  southern  deflec- 
tions are  practically  lost,  being  to  a  great  extent,  though  not 
entirely  diuaipated  in  the  great  westerly  current  of  the  southern 
anti-trades. 

One  of  the  most  singular  results  of  these  later  investigations 
is  the  establishment  of  the  fact  that  all  the  vast  maas  of  water, 
often  upwards  of  2,000  fathoms  in  tliickness,  below  the  nentnl 
band,  is  moving  slowly  to  the  northward ;  that  in  £act  the 
deptha  of  the  Atlantic,  the  Pacific  and  the  Indian  Oceans  are 
occupied  by  tongnes  of  the  Antarctic  Sea,  preserving  iu  the 
main  its  characteristic  temperatures.  The  maintenance  of  a 
low  temperature  while  the  temperature  of  the  floor  of  the  ocean 
must  be  higher,  and  that  of  the  upper  layere  of  the  sea  greatly 
higher,  is  in  itself  a  conclusive  proof  of  steady  movement  of 
the  water  from  a  cold  source ;  and  the  fact  that  tlie  temperature 
of  the  lower  layers  of  water,  both  in  the  Atlantic  and  the 
Pacific,  is  slightly  but  perceptibly  raised  to  the  northward, 
while  the  continuity  of  every  layer  with  a  corresponding  layer 
in  the  southern  sea  can  be  clearly  traced,  indicates  the  southern 
position  of  that  source. 

The  immediate  explanation  of  this  very  unexpected  phenome- 
non seems  simple.  For  some  cause  or  other,  as  yet  not  fully 
understood,  evaporation  is  greatly  in  excess  of  precipitation 
over  the  northern  portion  of  the  land -hemisphere,  while  over 
the  water-hemisphere,  and  particularly  over  its  southern  por- 
tion, the  reverse  is  the  case;  thus  one  part  of  the  general  cir- 
culation of  the  ocean  is  carried  on  through  the  atmosphere,  the 
water  being  raised  in  vapor  in  the  northern  liemisphere,  hurried 
by  upper  wind  currents  to  the  zone  of  low  barometric  pressure 
in  the  south,  where  it  is  precipitated  in  the  form  of  snow  or 
rain,  and  welling  thence  northward  in  the  deepest  channels  on 


WyvtUe  Thomson — Oeneral  Ocean  OirmUuion.         861 

account  of  the  hi^h  specific  gravity  dependent  on  its  low  tem- 
perature, it  supplies  the  place  of  the  water  which  has  been 
removed. 

The  cold  water  wells  northward,  but  it  meets  with  some 
obstructions  on  its  way,  and  these  obstructions,  while  thev 
prove  the  northward  movement,  if  further  proof  were  needea, 
bring  out  another  law  by  which  the  distribution  of  ocean  tem- 
perature is  regulated.  The  deeper  water  sinks  slowly  to  a 
minimum  at  the  bottom,  so  that  ii  we  suppose  the  temperature 
at  a  depth  of  2,000  fathoms  to  be  86^  F.,  the  temperature  at  a 
depth  of  8,000  may  be,  say,  82^  Now,  if  in  this  case  the  slow 
current  meet  on  its  northward  path  a  continuous  barrier  in  the 
form  of  a  submarine  mountain  ridge  rising  to  within  2,000 
fathoms  of  the  sea-surface,  it  is  clear  that  all  the  water  below  a 
temperature  of  86*^  will  be  arrested,  and,  however  deep  the 
basin  beyond  the  ridge  may  be,  the  water  will  maintain  a  mini- 
mum of  86^  from  a  depth  of  2,000  fathoms  to  the  bottom.  In 
many  parts  of  the  ocean  we  have  most  remarkable  examples  of 
the  efiect  upon  deep-sea  temperature  of  such  barriers  intersect- 
ing cold  indraughts,  the  most  marked  instance,  perhaps,  a  sin- 
gular chain  of  closed  seas  at  diiSerent  temperatures  among  the 
islands  of  the  Malay  Archipelago;  but  we  have  also  a  striking 
instance  nearer  home.  Evaporation  is  greatly  in  excess  (h 
precipitation  over  the  area  of  the  Mediterranean,  and  conse- 
quently, in  order  to  keep  up  the  supply  of  water  to  the 
M^iterranean,  there  is  a  constant  inward  current  through  the 
Straits  of  Gibraltar  from  the  Atlantic ;  I  need  not  at  present 
refer  to  an  occasional  tidal  counter-current  The  minimum 
temperature  of  the  Mediterranean  is  about  54^  F.  from  a  depth 
of  100  fathoms  to  the  bottom.  The  temperature  of  64^  is 
reached  in  the  Atlantic  at  the  mouth  of  the  Straits  of  Gibraltar 
at  a  depth  of  about  100  fathoms,  so  that  in  all  probability  future 
soundings  will  show  that  the  free  water-way  through  the  Straits 
does  not  greatly  exceed  100  fathoms  in  depth. 

The  Deptli  of  the  tSea^  and  the  Nature  of  Modern  Deposits. — It 
seems  now  to  be  thoroughly  established  by  lines  of  trustworthy 
soundings  which  have  been  run  in  all  directions,  that  the 
average  depth  of  the  ocean  is  a  little  over  2,000  fathoms,  and 
that  m  all  probability  it  nowhere  exceeds  6,000  fathoms. 
Depths  beyond  4,000  fathoms  are  rare  and  very  local,  and  seem 
to  oe  usually  pits  in  the  neighborhood  of  volcanic  islands.  In 
all  the  ocean  basins  there  are  depressions  extending  over  consid- 
erable areas  where  the  depth  reaches  8,000  fathoms  or  a  little 
more,  and  these  depressions  maintain  a  certain  parallelism  with 
1^6  a^ces  of  the  neighboring  continents. 

Within  800  or  400  miles  of  the  shore,  whether  in  deep  or  in 
shallow  water,  formations  are  being  laid  down,  whose  materials 

Am.  Joub.  Soi.— Thzbb  Ssbus,  Vol.  XVI,  No.  IXk— -Nov.,  1S7S« 

93 


852  Wyuille  Tkomaan — General  Ocean  Cavulal 

are  derived  mainly  from  the  flisintegration  of  shore  rocks,  and 
which  consequently  depend  for  their  structure  and  composition 
upon  the  nature  and  composition  of  the  rocks  which  supply 
their  materials.  These  deposits  imbed  the  bard  parts  of  the 
animals  living  on  their  area  of  deposition,  and  they  correspond 
in  every  way  with  se-iimentnry  formations  with  which  we  are 
familiar,  of  every  age.  In  water  of  medium  depths  down  to 
about  2,000  fathoms,  we  have  in  most  seas  a  deposit  of  the 
DOW  well-known  giobi^erina-ooze,  formed  almost  entirely  of  the 
ahella  of  foraminifera  living  on  the  sea-surface,  and  which  after 
death  have  sunk  to  the  bottom.  This  formation,  which  occu- 
pies a  large  part  of  the  bed  of  the  Atlantic  and  a  considerable 
part  of  that  of  the  Pacific  and  Southern  Seas,  is  very  like  chalk 
in  most  respects,  although  we  are  now  satisfied  that  it  is  being 
laid  down  as  a  rule  in  deeper  water  than  the  chalk  of  the  Creta- 
ceous period. 

In  depths  beyond  2,500  or  8,000  fathoms  no  such  accumula- 
tions are  taking  place  The  shores  of  continents  arc  usually 
too  distant  to  supply  land  detritus,  and  althoogh  the  chalk- 
building  foraminifera  are  as  abundant  on  the  surface  as  they 
are  elsewhere,  not  a  shell  reaches  the  bottom ;  the  carbonate  of 
lime  is  entirely  dissolved  by  the  carbonic  acid  contained  in  the 
water  during  the  long  descent  of  the  shells  from  the  surface. 
It  therefore  becomes  a  matter  of  very  great  interest  lo  A«Uf 
mine  what  processes  are  going  on,  anil  what  kind  of  formations 
are  being  laid  down  in  these  abyssal  regions,  which  must  at 
present  occupy  an  area  of  not  less  than  ten  millions  of  square 
miles. 

The  tube  of  the  sounding  instrument  comes  up  from  such 
abysses  filled  with  an  extremely  fine  reddish  clay,  in  great  part 
amorphous,  but  containing,  when  examined  under  the  micro- 
scope, a  quantity  or  distinctly  recognizable  particles,  organic  and 
inorganic.  The  oi^unic  particles  are  chiefly  siliceous,  and  for 
the  most  part  the  shells  or  spines  of  radiolarians  which  are 
living  abundantly  on  the  surface  of  the  sea,  and  apparently  in 
more  or  less  abundance  at  all  depths.  The  inorganic  particles 
are  minute  flakes  of  disintegrated  pumice,  and  small  crystalline 
fragments  of  volcanic  minerals;  the  amorphous  residue  is  prob- 
ably principally  due  to  the  decomposition  of  volcanic  products, 
and  partly  to  the  ultimate  inorganic  residue  of  decomposed 
organisms.  There  is  ample  evidence  that  this  abyssal  deposit 
is  taking  place  with  extreme  slowness.  Over  its  whole  area, 
and  more  particularly  in  the  deep  water  of  the  Pacific,  the 
dredge  or  traw!  brings  \ip  in  large  numbers  nodules  very  irreg- 
ular in  shape,  consisting  chiefly  of  sesquioxide  of  iron  and  per- 
oxide of  manganese,  deposited  in  concentric  layers  in  a  matrix 
of  clay,  round  a  nucleus  formed  of  a  shark's  tooth,  or  a  pieceof 
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bone,  or  an  otolith,  or  a  piece  of  siliceous  sponge,  or  more  fre- 
quently a  fragment  of  pumice.  These  noaules  are  evidently 
formea  in  the  clay,  ana  the  formation  of  the  larger  ones  and 
the  segregation  of  their  material  must  have  taken  a  very  long 
time.  Many  of  the  sharks*  teeth  to  which  I  have  alluded  as 
forming  the  nuclei  of  the  nodules,  and  which  are  frequently 
brought  up  uncoated  with  foreign  matter,  belong  to  species 
which  we  nave  every  reason  to  believe  to  be  extinct  Some 
teeth  of  a  species  of  Oarcharodon  are  of  enormous  size,  four 
inches  across  the  base,  and  are  scarcely  distinguishable  from 
the  huge  teeth  from  the  Tertiary  beds  of  Malta.  It  is  evident 
that  these  semi-fossil  teeth,  from  their  being  caught  up  in 
numbers  by  the  loaded  line  of  the  trawl,  are  covered  by  only 
a  very  thin  layer  of  clay. 

Another  element  in  the  red  clay  has  caused  great  speculation 
and  interest  If  a  magnet  be  drawn  through  a  quantity  of  the 
fine  clay  well  diffused  in  water,  it  will  be  found  to  have  caught 
on  its  surface  some  very  minute  magnetic  spherules,  some  appa- 
rently of  metallic  iron  in  a  passive  state,  and  some  of  metallic 
nickel.  From  the  appearance  of  these  particles,  and  from  the 
circumstance  that  such  magnetic  dust  has  been  already  detected 
in  the  sediment  of  snow-water,  my  colleague  Mr.  Murray  has 
a  very  strong  opinion  that  they  are  of  cosmic  origin — exces- 
sively minute  meteorites.  They  certainly  resemble  very  closely 
the  fine  granules  which  frequently  roughen  the  surface  of 
the  characteristic  skin  of  meteorites,  and  from  their  composi- 
tion and  the  circumstances  under  which  they  are  found  there  is 
much  to  be  said  in  favor  of  this  view.  I  cannot,  however, 
hold  it  entirely  proved ;  there  can  be  little  doubt,  from  the 
universal  presence  of  water-logged  and  partially  decomposed 
pumice  on  the  bottom,  and  from  the  constant  occurrence  of  par- 
ticles of  volcanic  minerals  in  the  clay,  that  the  red  clay  is 
formed  in  a  great  measure  by  the  decomposition  of  the  lighter 

Products  of  submarine  volcanoes  drifted  about  by  currents,  and 
nally  becoming  saturated  with  water  and  sinking ;  and  it  is 
well  Known  that  both  iron  and  nickel  in  a  metallic  state  are  fre- 
quently present  in  minute  quantities  in  igneous  rocks.  I  think 
it  is  conceivable  that  the  metallic  spherules  may  be  derived 
from  this  sourca 

So  far  as  we  can  judge,  after  a  most  careful  comparative  ex- 
amination, the  deposit  which  is  at  present  being  formed  at 
extreme  depths  in  the  ocean  does  not  correspond,  either  in 
structure  or  in  chemical  composition,  with  any  known  geologi- 
cal formation ;  and,  moreover,  we  are  inclined  to  believe,  from 
a  consideration  of  their  structure  and  of  their  imbedded  organic 
remains,  that  none  of  the  older  formations  were  laid  down  at 
nearly  so  great  depths — that,  in  fact,  none  of  these  have  any- 
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thing  of  an  abyssnl  clmmoter.  These  Inte  researcliea  tend  to 
show  that  during  past  geological  changes  abyasai  beds  have 
r.ever  been  exposed,  and  it  seems  highly  probabie  that  until 
comparatively  recent  geological  periods  such  beds  have  not 
been  formed. 

It  appears  now  to  be  a  very  generally  received  opinion 
among  geologiste— an  ppinion  wbich  was  first  brought  inio 
prominence  by  Professor  Dana— that  the  "massive"  eruptions 
which  originated  the  mountain  chains  which  form  the  skeleton 
of  our  present  continents,  and  the  depressions  occupied  by  our 
present  seas  dale  from  the  secular  cooling  and  contraction  of 
the  crust  of  the  earth — from  a  period  much  more  remote  than 
the  deposition  of  the  earliest  of  the  fbssiliferoua  rocks — and  that 
during  the  period  chronicled  by  the  successive  sedimentary 
syalems,  with  many  minor  oscillations  by  which  limited  areas 
have  been  alternately  elevated  and  depressed,  the  broad  result 
has  been  the  growth  by  successive  steps  of  the  original  moua- 
tftin  chains  and  the  extension  of  the  continenta  by  their  dennda- 
tion,  and  the  corresponding  deepening  of  the  onginal  grooves. 
If  this  view  be  correct— and  it  certainly  appears  to  me  that  the 
reasoning  in  its  favor  is  very  cogent — it  is  quite  possible  that 
until  comparatively  recent  times  no  part  of  the  ocean  was  suffi- 
ciently deep  for  the  formation  of  a  characteristic  abyssal  depoaiL 

Time  will  not  allow  me  even  to  allude  to  the  interesting 
result^i  wbich  have  been  obtained  from  the  determination  of 
the  density  of  sea  water  from  different  localities  and  different 
depths,  and  from  the  analysis  of  sea  water  and  its  contained  gases, 
and  perhaps  these  results  have  been  scarcely  sufficiently  worked 
out  as  yet  to  afford  safe  bases  for  generalization,  I  must,  how- 
ever, say  a  few  words  as  to  certain  additions  which  have  been 
made  to  our  knowledge  of  the  two  hitherto  impregnable  strong- 
holds of  the  frost,  the  regions  round  the  North  and  South  Poles, 

The  Arctic  Regions, — The  question  which  has  of  late  held  the 
most  prominent  place  in  all  discussions  about  the  conditions  of 
the  Arctic  Regions,  particularly  since  the  voyage  of  Dr,  Hayes. 
is  whether  it  is  possible  that  there  can  be,  at  all  times  or  at  any 
time,  anything  in  the  form  of  an  open  Polar  sea.  This  question 
seems  now  to  be  virtually  settled,  and  in  the  most  unsatisfac- 
tory manner  imaginable.  There  can  be  no  doubt  that  in  the 
year  1871  Count  Wilczek,  in  the  schooner  Isbjorn,  found  the 
sea  between  Novaya  Zemlya  and  Spitzbergen  nearly  free  from 
ice,  and  that  the  same  sea  presented  to  Weyprecht  and  Payer 
in  the  following  year  a  dangerous  stretch  oit  moving  and  ira- 

Benetrable  pack.  There  can  oe  no  doubt  that  in  the  year  1861 
T,  Hayes  gazed  over  an  expanse  of  open  water  where,  in 
1875-76,  Capt.  Nares  studied  the  conditions  of  pal^ocnrstic  ice. 
It  is  evident,  therefore,  that  the  Polar  basin,  or  at  all  events 
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such  portions  of  it  as  have  been  hitherto  reached,  is  neither 
open  sea  nor  continuous  ice,  but  a  fatal  compromise  between 
the  two,  an  enormously  heavy  pack  formed  by  the  piling  up 
and  crushing  together  of  the  noe  of  successive  years,  in  frequent 
movement,  breaking  up  and  shifting  according  to  the  prevail- 
ing direction  of  the  wind,  and  leaving  open,  now  here  and  now 
there,  lanes  and  vistas  of  deceptive  open  water  which  may  be 
at  any  moment  closed  and  converte^l  into  a  chaotic  mass  of 
hurling  floe-bergs  by  a  hurricane  from  another  direction.  It 
seems,  however,  that  in  certain  seasons  there  is  more  open 
water  in  the  direction  of  Grinneirs  Land  and  Smith's  Sound 
than  in  others^  and  that  there  are  also  years  comparatively 
&vorable  for  the  northward  route  following  the  lead  of  Franz- 
Josef  Land ;  and  there  seem  now  to  be  onlv  two  plans,  one 
nearly  as  hopeless  as  the  other,  to  choose  oetween  in  any 
future  attempt — either  to  establish  several  permanent  Polar 
stations,  as  proposed  by  LieuL  We^precht,  and  already  initi- 
ated at  one  pomt,  so  far  as  preliminaries  are  concerned,  by 
Capt.  Tyson  and  Capt  Howgate,  and  to  seize  the  opportunity 
of  running  north  in  early  autumn  from  the  station  where  the 
sea  appears  most  open,  or  to  run  as  far  north  as  possible  at 
enormous  expense,  with  a  great  force  of  men  and  abundance  of 
provisions  and  paraffin  oil,  and  push  northward  during  the 
arctic  winter  by  a  chain  of  communicating  stations  with  ice- 
built  refuge  huts.  It  seems  possible  that  in  a  cold  season,  with 
the  pack  in  the  condition  in  which  Markham  found  it  in  1876, 
some  progress  might  be  made  in  this  way  if  it  were  conceivable 
that  the  end  to  be  gained  was  worth  the  expenditure  of  so 
much  labor  and  treasura 

The  Antarctic  Regions. — ^But  little  progress  has  been  made 
during  the  last  quarter  of  a  century  in  the  actual  investigation 
of  the  conditions  of  that  vast  region  which  lies  within  the  par- 
allel of  70^  S.  Some  additional  knowledge  has  been  acquired, 
and  the  light  which  recent  inquiries  have  thrown  upon  the 
general  plan  of  ocean  circulation  and  the  physical  properties 
of  ice,  have  given  a  new  direction  to  what  must  partake  for 
some  time  to  come  of  the  nature  of  speculation. 

From  information  derived  from  all  sources  up  to  the  present 
time,  it  may  be  gathered  that  the  unpenetratea  area  of  about 
4,700,000  S(][uare  miles  surrounding  the  South  Pole  is  by  no 
moans  certainly  a  continuous  "  Antarctic  Continent,"  but  that 
it  consists  much  more  probably  partly  of  comparatively  low 
oontinental  land,  and  partly  of  a  congeries  of  continental  (not 
oceanic)  islands,  bridged  between  and  combined,  and  covered 
to  the  aepth  of  about  1,400  feet,  by  a  continuous  ice-cap ;  with 
here  and  there  somewhat  elevated  continental  chains,  such  as 
the  groups  of  land  between  55^  and  95^  W.,  including  Peter 
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the  Great  lalnnd  and  Alexander  Laud,  discovered  bv  Billings- 
hausen  in  1821,  Graham  Land  and  Adelaide  Island,  discovered 
by  Biscol  in  1832,  and  Louis  Philippe  Land  by  D'Urville  in 
1838,  and  at  least  one  majestic  modem  volcanic  range  discovered 
by  EoSB  in  1841  and  1842,  stretching  from  Balleny  Island  to  a 
latitude  of  78°  S.,  and  rising  to  a  height  of  15,000  feet  It 
BeemB,  w  far  as  is  at  present  known,  that  the  whole  of  the 
antarctic  land,  tow  and  nigh,  as  well  as  the  ice-cap  of  which  & 
portion  of  the  continuous  continent  may  consist,  is  bordered  to 
some  distance  by  a  fringe  of  ice,  which  is  bounded  to  seaward 
by  a  perpendicular  ice-cliff,  averaging  230  feet  in  height  above 
the  sea-leveL  Outside  the  cliff  a  Jhe,  which  attains  near  the 
barrier  a  thickness  of  about  twenty  feet,  and  in  some  places  by 
piling  a  considerably  greater  thiclcness,  extends  northward  in 
winter  to  a  distance  varying  according  to  its  position  with 
reference  to  the  southward  trending  branches  of  the  equatorial 
current;  and  this  Hoe  is  replaced  in  summer  by  a  heavy  drift- 
ing pack  with  scattered  icebergs.  Navigating  the  Antarctic 
Sea  ID  the  southern  summer,  the  only  season  when  such  navi- 
gation is  possible,  it  has  been  the  opinion  of  almost  all  explorers, 
that  after  forcing  a  passage  through  an  outer  belt  of  heavy 
pack  and  icebergs,  moving  as  a  rule  to  the  northwestward,  and 
thus  fanning  out  from  the  ice-cUff  in  obedience  to  the  prevailing 
southeasterly  winds,  a  band  of  comparativelv  clear  water  is  to 
be  found  within. 

Several  considerations  appear  to  me  to  be  in  favor  of  the 
view  that  the  area  round  the  South  Pole  is  broken  up  and  not 
continuous  land.  For  example,  if  we  look  at  a  general  ice- 
chart  we  find  that  the  sea  is  comparatively  free  from  icebergs, 
and  that  tlie  deepest  notches  occur  in  the  "Antarctic  Continent" 
at  three  points,  each  a  little  to  the  e.tstward  of  south  of  one  of 
the  great  land  masses.  Opposite  each  of  those  notches  a  branch 
of  the  equatorial  current  is  deflected  aouthwanl  hv  the  land, 
and  is  almost  merged  in  tlie  great  drift-current  which  sweeps 
round  the  world  in  the  Southern  Sea  before  the  westerly  anti- 
trades. But  while  the  greater  portion  of  the  Brazilian  current, 
the  P^ast  Austndian  current,  and  the  southern  part  of  the 
Agulhas  current  arc  thus  merged,  they  are  not  entirely  lost; 
for  at  these  points  of  junction  with  the  drift-current  of  the 
westerlies,  the  isobathy therms  are  slightly  deflected  to  the 
southward,  and  it  is  op|K)site  these  points  of  junction  that  we 
have  comparatively  open  sea  and  penetrable  notches  in  the 
southern  pack.  But  we  have  not  only  the  presumed  effect  of 
this  transfer  of  warmer  water  to  Ihe  southward  ;  we  were  able 
to  detect  its  presence  in  the  Challenger  by  the  thermometer. 
Referring  to  the  result  of  a  serial  temperature  sounding  on 
February  14,  1874,  with  a  surface  temperature  of  29°  F.  at  a 
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depth  of  from  300  to  400  fathoms,  there  is  a  band  of  water  at 
a  temperature  of  more  than  half  a  degree  above  the  freezing- 
point  That  this  comparatively  warm  water  is  coming  from 
the  north  there  is  ample  prool  We  traced  its  continuity  with 
a  band  at  the  same  depth  gradually  increasing  in  warmth  to 
the  northward,  and  it  is  evident  that  its  heat  can  be  derived 
from  no  other  source,  and  that  it  must  be  continually  receiving 
new  supplies,  for  it  is  overlaid  by  a  band  of  colder  water,  tend- 
ing to  mix  with  it  by  convection. 

It  is,  of  course,  possible  that  these  warm  currents  may  by 
coincidence  be  directed  toward  those  notches  already  existing 
in  a  continental  mass  of  land ;  but  such  a  coincidence  would  be 
remarkable,  and  there  is  certainly  a  suggestion  of  the  alterna- 
tive that  the  '^continent"  may  consist  to  so  great  an  extent  of 
ice  as  to  be  liable  to  have  its  outline  affected  by  warm  currents. 

In  high  southern  latitudes  it  seems  that  all  the  icebergs  are 
originally  tabular,  the  surface  perfectly  level  and  parallel  with 
the  surface  of  the  sea,  a  cliff  aoout  230  feet  high  bounding  the 
berg.  The  top  is  covered  with  a  layer  of  the  whitest  snow ; 
now  and  then  a  small  ilock  of  petrels  take  up  their  quarters 
upon  it,  and  trample  and  soil  some  few  square  yards,  but  after 
their  departure  one  of  the  frequent  snow  showers  restores  it  in 
a  few  minutes  to  its  virgin  whiteness.  The  upper  part  of  the 
cliff  is  pale  blue,  which  graduallv  deepens  toward  the  base. 
When  looked  at  closely  the  face  of  the  cliff  is  seen  to  be  tra- 
versed by  a  delicate  ruling  of  faint  blue  lines,  the  lines  being 
more  distant  from  one  another  above  and  becoming  gradually 
closer.  The  distance  between  the  well-marked  lines  near  the 
top  of  a  berg  may  be  of  a  foot  or  even  more,  while  near  the 
surface  of  the  water  it  is  not  more  than  two  or  three  inches, 
and  the  space  between  the  blue  lines  have  lost  their  dead 
whiteness  and  have  become  hyaline  or  bluish.  The  blue  lines 
are  very  unequal  in  their  strength  and  in  their  depth  of  color- 
ing; sometimes  a  group  of  very  dark  lines  gives  a  marked 
character  to  a  part  of  a  oerg.  Between  the  stronger  blue  lines 
near  the  top  of  the  cliff  a  system  of  closer  lines  may  be 
observed,  marking  the  division  of  the  ice  by  still  finer  planes 
of  lamination ;  but  in  the  narrower  spaces  near  the  water-line 
they  are  blended  and  lost.  The  blue  lines  are  the  sections  of 
sheets  of  clear  ice;  the  white  intervening  bands  are  the  sections 
of  layers  of  ice  where  the  particles  are  not  in  such  close  contact 
— ^ice  probably  containing  some  air. 

The  stratification  in  all  these  icebergs  is,  I  believe,  originally 
horizontal  and  conformable,  or  very  nearly  so.  In  many,  while 
melting  and  beating  about  in  the  sea,  the  strata  become  inclined 
at  various  angles,  or  vertical  or  even  reversed ;  in  many  they 
are  traversed  by  faults,  or  twisted,  or  contorted,  or  displaced ; 
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but  I  believe  that  all  deviations  from  a  horizontal  arrangement 
are  due  to  changes  taking  place  in  the  icebergs  themselves. 

I  thiok  there  can  be  no  doubt,  from  their  shape  and  form, 
and  their  remarkable  uniformity  of  character,  that  these  great 
table-topped  icebergs  are  prismatic  blocks  riven  from  the  edge 
of  the  great  antarctic  ice-sheet.  I  conclude,  therefore,  tbat  the 
upper  part  of  the  iceberg,  inclnding  by  far  the  greater  part  of 
its  bulk,  and  culminating  in  the  portion  exposed  above  the 
Burl'aco  ol'  the  sea,  was  formed  by  the  piling  up  of  successive 
layers  of  snow  during  the  period,  amounting  perhaps  to  cen- 
turies, during  which  the  ice-cap  was  slowly  forcing  its  way 
over  the  low  land,  and  out  to  sea  over  a  long  extent  of  gentle 
elope,  until  it  reached  a  depth  considerably  beyond  200fatnonaR, 
when  the  lower  specific  weight  of  the  ice  caused  an  upward 
strain  which  at  length  overcame  the  cohesion  of  the  mass,  and 
portions  were  rent  otf  and  floated  away.  The  icebei^  when 
they  are  first  dispersed  float  in  from  200  to  250  fathoms ;  when, 
therefore,  they  nave  been  drifted  to  latitudes  of  65°  or  64° 
south,  tlie  bottom  of  the  berg,  the  surface  which  forced  itself 
glacier-like  over  the  land,  just  reaches  the  layer  at  which  the 
temperature  of  the  wattr  distinctly  rises ;  and  is  rapidly  melted, 
and  the  pebbles  and  land  rfe&rij  with  which  it  ia  more  or  less 
charged  are  precipitated.  That  this  precipitation  takes  place 
all  over  the  area  where  the  icebergs  are  breaking  up,  constantly 
and  to  a  considerable  extent,  is  evident  from  tne  fact  thiit  the 
matter  brought  up  by  the  sounding  instrument  and  the  dredge 
is  entirely  composed  of  such  deposits  from  ice;  for  diatoms, 
foraminifei-a  and  radiolarians  are  present  on  the  surface  in  large 
numbers,  and  unless  the  deposit  from  the  ice  were  abundant  it 
would  soon  be  covered  and  masked  by  the  skeletons  of  surface 
organisms. 

The  curious  question  now  arises,  what  is  the  cause  of  the 
uniform  height  of  the  southern  icebergs — tliat  is  to  say,  what  is 
the  cause  of  the  restriction  of  the  thickness  of  the  free  edge  of 
tJie  ice-cap  to  1,400  fathoms?  I  have  mentioned  tlie  gradual 
diminution  in  thickness  of  the  strata  of  ice  in  a  berg  from  above 
downward.  The  regularity  of  this  diminution  leaves  it  almost 
without  a  doubt  that  the  layers  observed  are  in  tlie  same  cate- 
gory, and  that  therefore  the  diminution  is  due  to  subsequent 
pressure  or  other  action  upon  a  series  of  beds,  which  were  at 
the  time  of  their  deposition  nearly  equally  thick.  About  60 
or  80  feet  from  the  top  of  an  iceberg,  the  strata  of  ice  a  foot 
or  so  in  thickness,  although  of  a  white  color  and  thus  indicating 
that  they  contain  a  considerable  quantity  of  air,  are  very  hard, 
and  the  specific  weight  of  the  ice  is  not  much  lower  than  that 
of  layers  three  inches  thick  nearer  the  water-line  of  the  berg. 
The  upper  layers  have  been  manifestly  produced  by  falls  of 
Btiow  after  the  berg  has  been  detached. 
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Now  it  seems  to  me  that  the  reduction  in  thickness  cannot 
be  due  to  compression  alone,  but  that  a  portion  of  the  substance 
of  the  lower  layers  must  have  been  removed.  It  is  not  easy  to 
see  why  the  temperature  of  the  earth's  crust,  under  a  widely 
extended  and  practically  permanent  ice-sheet  of  great  thickness, 
should  ever  fall  below  the  freezing-point;  and  it  is  a  matter  of 
observation  that  at  dl  seasons  of  the  year  vast  rivers  of  muddy 
water  flow  into  the  frozen  sea  from  beneath  the  great  glaciers 
which  are  the  issues  of  the  ice-sheet  of  Greenland.  Ice  is  a 
very  bad  conductor,  so  that  the  cold  of  winter  cannot  penetrate 
to  any  great  depth  into  the  mass.  The  normal  temperature  of 
the  surface  of  the  earth's  crust,  at  any  point  where  it  is  unin- 
fluenced by  cyclical  changes,  is  at  all  events  above  the  freezing- 
point,  so  that  the  temperature  of  the  floor  of  the  ice-sheet  would 
certainly  have  no  tendency  and  fall  below  that  of  the  stream 
passing  over  it  The  pressure  upon  the  deeper  beds  of  the  ice 
must  be  enormous  at  the  bottom  of  an  ice-sheet  1,400  feet  in 
thickness — not  much  less  than  a  quarter  of  a  ton  on  the  square 
incL  It  seems,  therefore,  probable  that  under  the  pressure  to 
which  the  body  of  ice  is  subjected  a  constant  system  of  melt- 
ing and  regelation  is  taking  place,  the  water  passing  down 
by  gravitation  from  layer  to  layer  until  it  reaches  the  floor 
of  the  ice-sheet,  and  finally  working  out  channels  for  itself 
between  the  ice  and  the  land,  whether  the  latter  be  subsarial 
or  submerged. 

I  should  think  it  probable  that  this  process,  or  some  modifi- 
cation of  it,  may  be  the  provision  by  which  the  indefinite 
accumulation  of  ice  over  the  antarctic  continent  is  prevented 
and  a  certain  uniformity  in  the  thickness  of  the  ice-sheet 
maintained — that  in  fact  ice  at  the  temperature  at  which  it  is 
in  contact  with  the  surface  of  the  earth's  crust  within  the 
antarctic  r^ions  cannot  support  a  column  of  itself  more  than 
1,400  feet  high  without  melting.  It  is  suggested  to  me  by 
Professor  Tait  that  the  thickness  of  the  ice-sheet  very  probably 
depends  upon  its  area,  as  the  amount  of  melting  through 
squeezing  and  the  earth's  internal  heat,  will  depend  upon  the 
facility  of  the  escape  of  the  water.  The  problem  is,  however, 
an  exceedingly  complex  one,  and  we  have  perhaps  scarcely 
sufficient  data  for  working  it  ont 

The  Fauna  of  the  Deep  Sea. — I  can  scarcely  regret  that  it  is 
utterly  impossible  for  me  on  this  occasion  to  enter  into  any 
details  with  regard  to  the  relations  of  the  abyssal  fauna,  the 
department  of  the  subject  which  has  naturally  had  for  me  the 
greatest  interest  Recent  investigations  have  shown  that  there 
18  DO  depth  limit  to  the  dif^tribution  of  any  group  of  gill-bearing 
marine  animals.  Fishes,  which,  from  their  structure  and  from 
what  we  know  of  the  habits  of  their  congeners,  must  certainly 
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live  on  the  bottom,  have  cotae  up  from  all  depths,  and  at  all 
depths  the  whole  of  llie  marioe  invertebrate  classes  are  more 
or  less  fully  represented.  The  abyssal  fauna  is  of  a  somewhat 
special  character,  differing  from  the  fauna  of  shallower  water 
in  the  relative  proportions  in  which  the  different  iovertebratQ 
types  are  represented.  It  is  very  uniform  over  an  enormously 
extended  area,  and  in  this  respect  it  fully  confirms  the  antici- 
pations of  the  great  Scandinavian  naturalist,  Lov^n,  communi- 
cated to  this  Association  in  the  year  1344.  It  is  a  rich  fauna, 
including  many  special  genera  and  an  enormous  number  of 
special  species,  of  which  we,  of  coui-se,  know  as  yet  only  a 
fraction ;  but  I  do  not  think  I  am  going  too  far  in  saying  that 
from  the  resulu  of  the  Challenger  expedition  alone  the  number 
of  known  species  in  certain  classes  will  be  doubled.  The  rela- 
tions of  the  abyssal  fauna  to  the  faunae  of  the  older  Tertiary 
and  the  newer  Mesozoic  periods  are  much  closer  than  are  thoae 
of  the  faunffi  of  shallow  water;  I  must  admit,  however,  that 
these  relations  are  not  so  close  as  I  expected  them  to  be— that 
hitherto  we  have  found  living  only  a  very  few  reuresentatives 
of  groups  which  had  been  supposed  to  be  extinct^  I  feel, 
however,  that  until  the  zoological  results  of  these  later  voy^ea, 
and  especially  tboae  of  the  Challenger,  shall  have  been  fully 
worked  out,  it  would  be  premature  to  commit  myself  to  any 
generalizations. 

I  have  thus  attempted  to  give  a  brief  outline  of  certain 
dcfL-iisible  geueriil  conclusions,  based  upon  the  results  of  recent 
research.  Some  years  ago,  certain  commercial  enterprises, 
involving  the  laying  of  telegraph  cables  over  the  bed  of  tlie 
sea,  pi-oved  that  tlie  extreme  depths  of  the  ocean  were  not  inac- 
cessible. This  somewhat  unexpected  experience  soon  resulted 
in  many  attempts,  on  the  part  of  those  interested  in  the  exten- 
sion of  the  boundaries  of  knowledge,  to  use  what  machinery 
they  then  possessed  to  determine  the  condition  of  the  hitherto 
unknown  region.  This  first  step  was  naturally  followed  by  a 
development  of  all  appliances  and  methods  bearing  upon  the 
special  line  of  researcu  ;  and  within  the  last  decade  the  advance 
of  knowledge  of  all  mattei-s  bearing  upon  the  physical  geogni- 
pliy  of  tlic  sea  has  been  confusingly  rapid — so  mucii  ao,  that 
at  this  moment  the  accumulation  of  new  material  lias  far  out- 
atripiicd  the  power  of  combining  and  digesting  and  methodizing 
it.     This  difficulty  is  greatly  increased  by  the  extreme  com- 

Ijlcxity  of  the  questions,  both  physical  and  geological,  which 
lave  arisen.  Steady  progress  is,  however,  being  made  ia 
both  directions,  and  I  trust  that  in  a  few  years  our  ideas  as 
to  the  condition  of  the  depth  of  the  sea  may  be  as  definite  as 
they  are  with  regard  to  regions  to  which  we  have  long  had 
ready  access. 
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Art.  XLIIL — Notes  on  Antimony  Tannate,    No.  11 ;  by  Ellen 
Swallow  Richards  and  Alice  W.  Palmer. 

The  next  point  of  interest  was  to  determine  whether  the 
method  of  titration  as  given  in  the  preceding  paper  (this  Jour- 
nal, p.  196)  was  applicable  to  tannin-hoIding  suostances  other 
than  nu^ga11s  and  sumac.     The  following  tests  were  made  for 

this  purpose :  Tannin. 

Percent. 

Leaves  of  sweet-fero  (Comptonia  aspleni/olia)  from  near 

Boston,  gathered  the  middle  of  May 7'66 

The  same,  gathered  on  the  Kennebec  River,  Maine,  the  last 

of  July 8-00 

Sample  of  ground  hemlock-bark  from  Vermont 7*07 

Sample  of  catechu 29'70 

Sample  of  kino 41*60 

Cmsned  quercitron  bark 7*00 

Conso  tea 4*60 

Cinchona  flavor 9*60 

Ground  cloves 7'08 

Chestnut-oak  from  Carey ville,  Tenn 3 '00 

We  also  prepared  a  quantity  of  antimony-tannate  from  each 
of  these  substances  in  the  same  manner  as  we  had  prepared  it 
from  commercial  tannin  and  sumac.  The  composition  is  given 
as  follows:  Bb.  c.  h. 

Per  oent.         Per  cent.         Per  cent. 

Sweet-fern  (May) 16-30  46*09  340 

Sweet-fern  (July) 16-06  44-90  3-90 

Quercitron  12-80  49-50  3-42 

Chestnut-oak 15-60  47-61  3-63 

Cloves 12-50  43-30  309 

Hemlock-bark,  No.  1 1 3*60  61-02  3-86 

Hemlock-bark,  No.  IL 13-60  4986 

Catechu 13-70  61-13  384 

Kino 16-00  60-71  3-72 

Cinchona  flava 11-20  63-66  4-66 

Congo  tea 11-40  47-30  400 

These  analyses  showed  that  the  composition  of  the  precipitate 
was  influenced  by  one  of  two  causes :  either  the  formula  of  the 
so-called  tannin  which  united  with  the  antimony  contained 
more  C  and  H  than  di-gallic  acid, — that  is,  it  must  be  some- 
thing like  SbOCasHsgOn  or  Sb2(Cj5ll2iOia)g— or  the  antimony- 
tannate,  which  was  formed  in  the  solution,  acted  as  a  mordant, 
and  carried  down  with  it  coloring  matters  which  might  or 
might  not  affect  the  titration,  but  which  did  affect  the  com- 
bustion. 

To  determine  how  far  this  latter  cause  could  be  held  respon- 
sible, we  prepared  antimony  tannate  from  the  sample  of  tanniu 
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which  we  nsed  for  all  our  experiments,  and  having  washed  by 
decanlation  so  as  to  keep  the  gelatinous  precipitate  in  the  beat 
condition  for  abiiorbing  color,  we  treated  solutions  of  several 
of  these  substances  with  "a  quantity  of  antimony  taiinate  correa- 
pouding  to  the  estimated  quantity  of  tannin  contained  in  the 
solution,  so  as  to  have  the  conditions  the  same  as  in  the  pre- 
vious preoipitatioos;  in  one  cose  we  increased  the  amount  of 
antimony  tanuate.  The  composition  of  the  antimony  tannate 
thus  treated  in  the  diff'erent  solutions,  together  with  the 
average  composition  of  antimony  tannate  as  we  have  already 
obtained  it  from  tannin,  sumac  and  nut-galls  is  given  as 
follows:  Bb  c  u 

Per  oiot.         Per  fliat.      Pet  MBt. 

Sweet-fern -|- antimony  tannate 15-70         49'21         8'7S 

Quercitron  -|-  antimony  tannate --     9*54         45'90         3'80 

Hemlock -|- antimony  tannate.- .  6a'30         3-80 

Hemlock-j-five  times  the  required  amount 

of  aiitimouy  tannate 18'40         43-40         3*90  m 

Antimony-tannate 20-00        38-21         2'M 

In  the  case  of  sweet-fern  and  quercitron,  the  results  are  very 
nearly  those  obtained  by  direct  precipitation  with  tartar  emeti(x' 
Thepossible  reason  for  this  will  be  considered  later. 

We  were  greatly  surprised  by  the  behavior  of  the  solution 
of  hemlock-bark.  In  all  cases  after  treating  the  solution  widb 
the  previously  prepared  antimony- tannate,  we  precipitated  ihS 
remaining  tannin  by  tartar  emetic  as  usual,  and  noted  the 
quantity  required  as  compared  with  that  required  for  the  pre- 
cipitation of  tannin  in  the  titration.  The  sweet-fern  and  quer- 
citron gave  a  precipitate  about  one-third  less  than  that  from 
the  original  solution.  In  the  case  of  hemlock  there  was 
scarcely  a  trace  of  a  precipitate,  showing  that  the  antimony 
tannate  had  dragged  down  or  united  with  all  the  substiince 
which  had  been  supposed  to  be  tannin. 

In  order  further  to  test  the  character  of  the  supposed  color- 
ing matter  in  these  substances,  we  made  a  series  of  trials  with 
mordanted  j'arn.  A  brown-red  color  was  obt-iined  from  hem- 
lock on  wool  mordanted  with  tin  chloride,  and  on  cotton 
mordanted  with  alumina.  A  brilliant  yellow  color  nearly 
equal  tj>  that  from  quercitron  was  obtained  from  sweet-fern  on 
both  the  wool  and  the  cotton. 

We  then  tested  solutions  of  all  the  substances  upon  which 
we  had  been  working  with  cloth  monlanled  in  the  usual  way 
for  calico-printing  (with  iron  and  alumina  in  alternate  stripes), 
in  order  to  show  the  presence  of  tannin  and  coloring  matter  at 
the  same  time.  This  test  divided  the  substances  into  two 
classes,  the  one  .'showing  the  deep  black  of  tannin  on  the  iron 
stripe,  and  a  yellow  more  or  less  intense  on  the  alumina  ;  the 
other  giving  on  the  iron  stripe  a  faint  brownish -black,  corre- 
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sponding  in  dullDess  to  that  produced  by  gallic  acid,  and  on 
toe  alumiDa  a  dull  reddish-brown.  To  the  first  class  belong 
nut-galls,  sumac,  swee^fem  leaves,  bark  of  quercitron,  black 
oak,  white  oak  and  chestnut  oak  and  bearberry  leaves ;  to  the 
other,  hemlock,  catechu,  kino,  fever  bark,  cinchona  bark  and 
Congo  tea.  For  our  further  investigation  we  took  sweet-fern  as 
the  type  of  the  former,  and  hemlock  as  that  of  the  latter  class. 

The  yellow  in  sweet-fern  seems  closely  allied  to,  if  not  iden- 
tical with  the  quercetin  derived  from  oak-bark.  A  solution 
of  sweet-fern  guarancined  (i.  e.,  boiled  with  very  dilute  sul- 
phuric acid),  behaves  like  a  solution  of  quercitron-bark, — a 
olack  gummy  mass  bein^  formed,  and  the  solution  depositing 
yellow  flakes  which  dye  intensively. 

Two  pieces  of  clotn  of  equal  size,  the  one  dyed  with  one 
gram  of  sweet-fern  leaves,  the  other  with  one  gram  of  quer- 
citron-bark, showed  rather  more  tannin  and  less  yellow  for 
the  sweet-fern,  and  more  yellow  and  less  tannin  for  the 
quercitron. 

A  single  trial  of  the  amount  of  vellow  in  sweet-fern,  by 
weighing  the  antimony-tannate  whicn  had  carried  down  the 
yellow  with  it,  and  which  had  been  added  in  known  quantity 
gave  2'5  per  cent,  and  the  amount  of  tannin  in  the  filtrate  had 
decreased  about  three^of  the  eight  per  cent.  This  indicates 
that  the  antimony  combines  with  a  portion  of  the  coloring 
matter,  as  well  as  with  the  tannin.  This  is  further  shown  by 
the  fact  that  the  quercetin-like  color  obtained  by  guarancinine 
was  precipitated  by  antimony.  The  formula  of  this  portion  m. 
the  color  must  be  very  near  to  that  of  di-gallic  acid,  since  the 
per  cent  of  G  and  H  in  the  precipitate  from  sweet-fern  after  the 
original  solution  had  been  treated  with  antimony  tannate  and 
the  tannin  then  precipitated  by  tartar  emetic  was  C  44*82  and 
H  8*89,  and  the  composition  of  the  precipitate  when  tartar 
emetic  had  been  added  directly  to  the  solution  without  previous 
treatment  with  the  antimony  tannate  was  C  44*9  per  cent  and 
H  8*9  per  cent 

Heppe  (Die  chemischen  Beactionen)  gives  the  formula  of 
quercetin  as  O^iHigOia  and  that  of  quercetin  acid  as  C]5H]o07, 
which,  corresponding  to  our  formula  of  antimony  tannate, 
would  give  respectively : 

8b.  C.  H. 

Sb,(C„H,X)  ),+6H  O 12-62  pr.  ct  50*00         8-08 

Sb,(C,,H,0j,+6H,0 19*49  43*18         2*87 

Antiinony-tannate, 
Sb,(C,,H,0,),+6H,0 18-59  88-41         2-74 

The  result  of  this  is  that  the  process  of  titration  with  tartar 
emetic,  when  applied  to  the  class  of  substances  holding  this 
ydlow  coloring  principle,  would  give  too  high  results.    We 
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have  not  yet  succeeded  in  ieolating  this  yellow  coloring  matter 
nnchanged,  in  order  to  test  its  effect  on  the  accuracy  of  the 
iodine  process  or  Lowenthal's  method. 

As  to  the  brown-red  obtained  from  the  fresh  hemlock,  it 
seems  to  belong  to  a  different  class  of  substances.  It  is  pre- 
cipitated by  gelatine,  is  acted  on  by  iodine,  is  precipitated  by 
antimony,  and  on  fusion  with  potassium  hydrate  it  is  decora- 
posed,  and  a  substance  is  formed  which  blackens  the  iron  stripe 
like  tannin.  We  have  not  yet  obtained  a  sufficient  quantity  to 
determine  its  composition  or  to  deduce  a  theory  for  its  relation 
to  di-gallic  acid.  Our  experiments  go  to  show  that  the  red- 
brown  is  decomposed  in  the  slow  process  of  fermentation,  and 
the  iron-blackening  substance  thus  formed  may  possibly  be 
the  agent  of  the  tanning, 

UaeeachiiBetts  Institute  of  Tecbaolog;,  Woman's  Laboratcny,  AngUBt,  1S78. 


AfiT.  XLIV.— Oft  a  Pstudomorph  ajler  AnorOiiie^  fi-om  Franklin, 
New  Jersey ;  by  Professor  W.  T.  RfKPPEB. 

On  the  northern  part  of  Mine  Hill,  at  Franklin,  New  Jersey, 
there  are  found,  partly  in  detached  pieces  scattered  over  the 
surface,  or  in  the  fences  surroanding  tfa'e  fieldn  of  the  mineoh  ^ 

and  in  place  in  a  stratum  of  white  crystalline  limestone,  pscudo- 
niorphs  that  h;ivc  the  form  of  anorthitc,  accompanied  by  ii  dark 
hornblende,  and  numerous  small,  very  brilliant  and  highly 
modified,  clove-brown  crystals  of  sphene.  The  outside  of  the 
anorthite  crystals,  the  larger  of  which  are  generally  more  or  less 
cavernous,  is  invariably  "candied"  over  by  exceedingly  small, 
brilliant  prismatic  crystals. 

The  crystals,  from  one-eighth  to  two  or  three  inciies  in  size, 
are  distinctly  feldspathic  in  habit,  the  prevailing  faces,  in  the 
order  of  their  doniinauey,  being :  0,  ('-i,  /,  2-1,  2-7  and  1.  Owing 
to  tlie  above  mentioned  micro-crystalline  character  of  the  surface 
and  consequent  want  of  reflection,  the  angles  can  be  measured 
only  with  the  application-goniometer.  T!ie  following  angles 
are  averages  of  a  number  of  t4>lerably  concordant  measurements: 
difference  of  extremes,  20' 


0^(-iov 

■er  2-1     J     85°  33', 

o^r 

114     32, 

0^1 

110    32, 

0^2-* 

38    56, 

IaI' 

120    50, 

0^2'.? 

133     10, 

Orti-i  however  is  in  .some  crystals  as  high  as  88°,  Cleavage 
0  and  i-l  easy  and  distinct,  generally  dull,  but  the  basal  cleav- 
age  oecasioually  sub-pearly. 


I    16-00     8 
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H.=6;  G.=3*06-8'10.  Color  light  bluish  green  to  greenish 
white. 

Fusible  with  some  difficulty  to  a  slightly  vesicular  glass. 
Partially  attacked  by  hydrochloric  acid  without  gelatinizing. 

Oxygen. 

Composition:  Silica SOYS  21-19    4 

Alumina .-.  -  32-68  16-16 

Iron  sesquioxide 2-80  -84 

Magnesia 1*44  -67 "] 

Lime 14-93  4-27 

Soda -43  -11  y     6-80     1 

Potash 601  -86 

Ignition 3-66 

100-62 

I  have  to  remark  that  I  have  reason  to  consider  the  magnesia 
too  high.  There  is  probably  only  a  trace.  If  so,  the  oxygen 
ratio  would  be  21-19 :  16 :  5*28,  still  nearer  the  anorthite  ratio  of 
4:3:1. 

Though  the  crystalline  form  and  the  composition  would  make 
it  a  lime-potash  anorthite,  the  high  specific  gravity  and  the 
water  point  to  a  change  or  alteration  of  its  ori^nal  constitution. 
The  nature  of  this  change  is  clearly  shown  by  a  thin  section, 
which  Mr.  G.  W.  Hawes  was  so  kind  as  to  make  for  me. 
When  observed  under  the  microscope,  it  shows  that  the  mineral 
is  composed  of  a  congeries  of  small  crystals,  which  produce  no 
change  of  color  under  the  revolution  of  the  polarizer.  The 
change  seems  therefore  to  consist  in  an  internal  molbcular 
re-arrangement  of  part  of  the  constituents  of  the  original  anor- 
thite, with  the  introduction  of  potash  and  of  some  water,  whereby 
its  specific  gravity  was  raised  to  the  above-mentioned  figure. 
The  minute  crystals  coating  the  pseudomorphs  may  possibly  be 
the  actual  crystals  of  the  new  mineral,  which  on  the  sunace 
were  able  to  develop  their  form.  What  the  latter  actually  are 
it  is  impossible  to  determine.* 

Bethlehem,  Pa.,  Sept  16,  1878. 

*  In  the  Report  of  Mr.  G.  W.  Hawes  on  the  *'  Mineralogy  and  Lithology  of 
New  Hampshire,"  its  author  gives  the  following  analysis  of  altered  crystfds  of 
anorthite  of  large  size,  from  ** diabase,"  at  East  Hanover,  in  that  State:  Silica 
52*52,  alumina  30*06,  iron  sesquioxide  1*10,  magnesia  0*30,  lime  2*20,  soda  3*77, 
potash  7*11,  water  2*67=99*72;  G.=2*96.  It  is  a  potash-bearing  pseudomorph, 
like  that  described  by  Roepper,  with  similarly  high  specific  gravity ;  but  instead 
of  having  the  removed  calcium  replaced  by  an  equivalent  proportion  of  alkali 
metals,  so  that  the  anorthite  ratio  remains,  there  is  a  large  loss,  as  Mr.  Hawes 
states.  He  recognizes  a  relation  in  density  to  the  saussurites.  But  while  this  is 
right,  both  of  these  pseudomorphs  are  removed  from  the  saussurites  of  euphotide, 
hitherto  studied,  by  being  potash  species.  The  above  analysis  gives  the  quantiva- 
lent  ratio  for  the  protoxides,  sesquioxides,  and  silica,  1 :  6 :  9*5 ;  or,  if  the  water  is 
induded  in  the  protoxides,  1 :  2*7 :  5*3.  j.  D.  D. 
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Art.   XLV. —  Upon  the  Relative  Agency  of  Glaciers  and  Svb'  ' 
QUKial  iSireatTU  ih  the  Erosion  of  VaUeys  ;*  by  Profeasor  W. 
I      H.  NtL£S. 

In  some  remarksf  wliich  I  made  at  a  meeting  of  tbis  Society 
in  April,  1873, 1  stated  tiiat  my  observations  among  the  glaciers 
of  the  Alps  during  the  previous  summer  had  led  me  to  the  con- 
clusion "  that  glaciera  were  not  the  principal  agents  in  the  ex- 
cavation of  valleys."  I  have  since  had  the  opportunity  of 
spending  two  summers  more  among  those  glaciers,  and  the  ob- 
servations which  I  made  have  not  only  confirmed  my  previous 
conclusion,  but  they  have  also  famished  me  additional  evidences 
of  the  excavating  power  of  sub-glacial  streams.  This  time  I  I 
was  more  succes^ul  in  getting  underneath  the  ice  than  before,  I 
particularly  upon  the  ngbt  side  of  the  Great  Aletscb  Glacier  ' 
where  it  passes  the  cliff  near  the  Bell  Alp  Hotel.  The  way 
glaciers  usually  move  over  the  ordinary  rochea  mouUmniet, 
bridging  the  hollows  between  them  without  conforming  to  all 
the  inequalities  of  surface,  has  been  made  so  well  known  that 
additional  description  is  unnecessary  here.  Under  these  condi- 
tions the  glacier  does  not  act  upon  the  lowest  surfaces  of  rook 
beneath  it,  and  these  show  by  tneir  roughness  and  irregularity 
that  they  were  not  shaped  by  its  action.  It,  therefore,  beoomu 
evident  that  in  such  places  some  power  must  have  acted  or  ia 
now  at  work  lower  tlian  the  surfiiccs  upon  which  the  glacier 
moves. 

Under  the  edge  of  the  Great  Aletsch  Glacier  I  observed  in  a 
few  places,  that  pieces  were  being  broken  from  tihelee  edges  of 
the  roches  moutonnees  by  the  pressure  concentrated  upon  cert-iin 
stones  or  bowlders  which  had  reached  these  edges  in  their  pro- 
gress under  the  ice,  but  I  was  not  successful  in  my  search  for 
like  phenomena  in  connection  witti  other  glaciers.  But  this 
action,  even  if  we  could  suppose  it  to  be  sufficiently  common, 
would  serve  to  break  away  only  the  same  prominent  portions 
of  the  rock  which  the  glacier  abrades. 

The  ice  of  the  glacier,  iiowever,  is  sufBciently  plastic  to  con- 
form to  certain  kinds  of  irregularities  of  surface,  and  of  one  of 
these  there  are  good  examples  at  the  above-mentioned  locality. 
There  are  long,  narrow  ritlges,  the  trends  of  which  are  the  same 
as  the  strike  of  the  rock  and  nearly  parallel  with  the  direction 
of  the  motion  of  the  glacier,  A  londtudinal  section  of  one  of 
these  ridges  gave  an  outline  like  that  of  an  elongated  roche 
moutonni,  while  a  transverse  section  showed  quite  a  regularly 

•  From  the  Proceedings  of  the  Boston  Society  of  Natural  History,  voL  ai. 
pp.  330-330,  March  20,  1S7B. 

f  Proceedings  of  the  Boston  Society  of  Natural  History,  toL  tv,  pp.  37S-381. 
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corrugated  surface.  These  corrugations  originated  in  the 
bedded  structure  of  the  rock,  the  upturned  edges  having  been 
rounded  and  smoothed  by  the  action  of  the  glacier.  The  ice 
had  time  enough  to  conform  to  these  longitudinal  furrows  and 
ridges  as  it  flowed  over  them  lengthwise ;  and  in  August,  1876, 
as  it  passed  the  lee  end  of  a  ridge,  it  preserved  the  mould  of 
the  profile  so  perfectly  that  for  more  than  twenty  feet  the  blue 
arch  presented  a  series  of  parallel  furrows,  like  the  flutings  of 
a  Doric  column.*  I  also  observed  many  other  examples  of  the 
same  kind,  though  none  so  regularly  and  beautifully  perfect 

There  was  there  at  that  time  another  highly  interesting  and 
instructive  exhibition  of  glacial  action.  Within  a  few  feet  of 
the  down-stream  end  of  one  of  these  elongated  rocfies  moutonnees 
and  upon  its  crest,  there  was  a  bowlder  fulljr  three  feet  in  diam- 
eter, which  evidently  had  been  slowly  moving  along  this  ridge 
for  some  distance,  probably  from  its  upper  end.  There  were 
two  sides  of  this  block  of  stone  which  were  not  incased  in  ice, 
viz.,  the  lower  one  resting  upon  the  rock,  and  the  one  facing 
down  the  glacier.  From  the  lower  end  of  the  ridge  of  rock  I 
looked  at  the  bowlder  through  a  tunnel  of  pure,  blue  ice,  which 
was  continued  as  a  deep  furrow  in  the  under  surface  of  the 
glacier  for  fully  thirty  feet  from  its  beginning.  As  this  was 
produced  by  the  ice  moving  over  and  beyond  the  bowlder,  it 
was  evident  that  the  ice  was  moving  more  rapidly  than  the 
stone.  I  afterwards  found  other  examples  of  the  same  kind, 
but  none  so  favorably  situated  for  a  striKing  exhibition  of  this 
property  of  ice.  It  will  be  understood  that  these  stones  were 
suflBciently  below  the  upper  surface  of  the  glacier  to  be  removed 
from  the  effects  of  the  ordinary  changes  in  the  temperature  of 
the  atmosphere.  Although  stones  which  are  exposed  to  such 
changes  may  be  frozen  into  the  ice  at  the  edges  of  the  glaciers, 
yet  I  believe  these  were  so  situated  as  to  correctly  represent 
the  conditions  and  movements  of  those  at  still  greater  depths. 
K  this  is  correct,  and  I  believe  it  is,  it  follows  that  such  frag- 
ments of  rock  are  not  rigidly  held  in  fixed  positions  in  the 
under  surfaces  of  glaciers  and  carried  irresistibly  along  at  the 
same  rate,  but  that  the  constantly  melting  ice  actually  flows 
over  them,  and  that  their  motion  is  one  of  extreme  slowness, 
even  when  compared  with  the  motion  of  the  glacier  itself.f 

*  I  see  by  quotations  from  the  "  Noayelles  Excursions  et  S^jours  dans  les  Gla- 
cleni  et  les  hautes  regions  des  Alpes,"  by  Professor  E.  Desor,  that  he  there  de- 
flcribedidmilar  features  which  he  observed  in  connection  with  the  Aar  Glader  in 
1844,  but  I  have  not  been  able  to  obtain  a  copj  of  the  work  for  examination. 

f  In  an  article  in  the  (Geological  Magazine,  Decade  II,  vol.  iii,  1876,  published 
during  the  same  season  that  1  was  mining  these  observations,  and  which  I  had 
not  t^n  seen,  being  awaj  from  home,  Rev.  T.  G.  Bonney  clearly  states  the  same 
oonclusion,  presenting  as  evidences  the  appearances  of  certain  bowlders  observed 
by  bim  in  1876,  near  the  terminations  of  the  Glacier  des  Bois  and  the  Glacier 
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If  this  ia  granted,  it  must  tbeu  be  ad)iiitl«<l  tliat  the  abrading 
power  of  fjlaciera  is  much  less  than  if  the  fragments  of  rock 
were  usually  firmly  set  in  the  ice,  Tliis  is  one  of  the  many 
reasons  which  I  have  for  believing  that  the  erosive  power  of 
glaciers  is  not  sufficient,  in  itself  alone,  to  account  for  the  ex- 
cavation of  those  valleys  in  which  they  are  found. 

Among  the  phenomena  which  attract  the  attention  and  ob- 
struct the  progress  of  the  explorer  under  a  glacier,  is  the 
abundance  of  streams.  A  short  distance  below  the  edge  of  the 
glacier  the  ice  is  constantly  melting,  and  in  every  place  acces- 
sible to  the  observer  the  water  falls,  usually  in  large  drops  but 
sometimes  in  streamlets.  Thus  the  surfaces  not  covered  by  the 
ice  are  ex(X)sed  to  a  constant  fall  of  water,  which,  first  forming 
numerous  rivulets,  soon  collects  in  small  and  rapid  streams. 
The  dropping  of  the  water  and  the  rushing  of  the  torrents,  the 
frequent  slipping  of  smaller  fragments  of  stone  which  have  been 
started  by  the  rivulelsand  the  occasional  tumbling  or  plunging 
of  a  larger  mass,  the  incidental  cracking  of  the  glacier  and  the 
frequent  crash  of  pieces  of  falling  ice,  all  unite  in  impressing 
upon  the  listener  that  this  is  a  busy  place.  Where  the  glaciers 
rest  upon  the  upper  portions  of  the  roches  inoutonnies,  the  streams 
are  formed  in  tne  hollows  between  them  which  the  ice  does  not 
fill;  therefore,  under  such  conditions  their  erosive  power  is 
exercised  upon  those  lower  portions  of  the  rock-surface  which 
are  not  cffcct.M  by  the  movementi  of  the  glacier. 

into  consideration,  not  only  its  volume  and  velocity,  but  also 
the  more  important  factor  of  the  materials  with  which  it  i^; 
charged.  The  importune  of  this  is  well  illustrated  by  the 
modern  appliance  called  llie  sand-blast,  i[i  which  it  m^  not  the 
violence  of  the  current  of  air  or  steam  but  the  sand  which  it 
carries  with  it,  which  cuts  away  the  suriJK-fs  of  stones,  metal,'^ 
and  glasf^  with  such  asUinishing  rii]iiiiity.  Sometimes  this  ele- 
ment has  been  overlooked,  a.s,  for  example,  when  it  has  been 
argued  that  because  pure  water  may  rush  violently  over  a  rock 
fur  a  long  pcriiMl  without  produciTig  any  perceptible  change, 
therefore,  the  valley-'^  which  now  arc  or  formerly  were  occupi&l 
by  glacierK  must  hiive  been  excavated  by  the  ice  rather  than 
by  the  streams  below  it.  A  suli-glueial  streacn,  considered  :is 
an  agent  of  erosion,  should  never  be  com|)ared  with  a  stream 
of  pure  water.  All  ()f  thesti-eams  beneath  a  glacier  are  chaivfi 
with  small,  angular  fntgnicnts  of  stone,  such  as  glaeiers  tran.'- 
|)ort  in  immense  quantities.  Any  one  who  has  walked  over 
the  middle  and  lower  [lorlions  of  a  glacier  in  summer  has  not 
d'AT^iiti?re.  I  do  not  leHrn  froni  what  he  hai"  written,  however,  that  he  sat 
tlit^  ice  flowiDg  over  stonca  iu  the  mannor  I  liuve  here  dCBcrihed.  It  is,  therefon, 
my  ploaaure  tu  have  witnessed  wluit  1  i^onsider  to  be  a  proof  of  the  nccuracj'of  | 
the  conclusion  which  Professor  Bonnoj  abt;  drew  from  other  sources.  J 
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failed  to  ooticc  the  small  fragments  of  stone  which  often  darken 
and  sometimes  cover  the  surface.  When  these  are  examined 
they  are  found  to  be  sharply  angular;  and  if  the  examina- 
tion is  extended  to  the  medial  and  lateral  moraines,  they  will 
be  found  to  contain  immense  quantities  of  similar  materials. 
These  small  fragments,  as  well  as  large  ones,  find  their  waj*^  into 
the  sub-glacial  streams,  in  which  by  the  sharpness  of  their 
angles  they  become  most  effective  instruments  in  the  work  of 
erosion.  The  materials  transported  by  ordinary  streams,  even 
when  swollen  by  heavy  rains,  are  of  a  different  nature.  The 
small  stones  and  gravels  which  they  receive  are  usually  more 
or  less  rounded,  while  the  finer  materials  are  chiefiy  loam,  clay, 
soil,  or  well-worn  sand.  The  erosive  power  of  a  current  carry- 
ing such  old,  worn,  and  often  soft  materials,  is  much  less  than 
that  of  one  charged  with  the  new  and  sharp  instruments  of  the 
sub-glacial  streams;  hence  the  denuding  agency  of  the  latter 
should  not  be  estimated  by  observations  upon  the  former. 

The  excavating  power  of  these  streams  is  shown  in  the  num- 
ber of  pot  holes  which  they  produce.  The  steepness  and  irr^- 
ularity  of  their  courses,  the  abundance  of  water  with  stones  and 
sand,  and  in  many  places  the  presence  of  ice  causing  gyratory 
movements  of  the  water,  make  these  streams  peculiarly  efficient 
in  this  work.  Sometimes  these  pot-holes  succeed  each  other  so 
closely  in  the  course  of  the  stream,  that  as  they  increase  in  size 
they  unite  and  form  a  deep,  narrow  gorge,  whose  walls  present 
a  succession  of  their  concave  surfaces. 

Furthermore,  the  ice  of  the  glaciers  often  exercises  a  control- 
ling iufluence  upon  the  positions  and  couraes  of  these  streams. 
It  is  not  uncommon  to  find  a  stream  flowing  along  the  edge  of 
the  glacier  considerably  below  its  surface,  in  a  channel  one  side 
of  which  is  ice  and  the  other  side  rock.  In  such  instances  the 
streams  are  often  supported  by  the  ice  at  a  considerable  eleva- 
tion above  the  bottom  of  the  valley  where  they  would  otherwise 
be.  The  power  which  a  glacier  may  have  for  preventing  water 
from  flowing  directly  into  the  lower  portion  of  its  valley,  is 
well  illustrated  by  the  Marjelen  See,  a  take  which  owes  its  ex- 
istence to  the  ice-wall  of  the  side  of  the  Great  Aletsch  Glacier 
which  forms  one  end  of  the  basin  which  it  occupies. 

The  lateral  streams  above  described  are  abunaantly  supplied 
with  small  and  large  pieces  of  stone  from  the  lateral  moraines, 
and  they  thus  become  agents  in  the  erosion  of  the  sides  of  the 
valleys.  It  will  probably  be  remarked  that  such  streams  must 
naturally  erode  the  ice  more  rapidly  than  the  rock,  but  it  must 
be  remembered  that  the  ice  is  constantly  renewed  by  the  motioa 
of  the  glacier.  It  will  be  readily  seen  that  such  streams,  by  the 
pecaliarities  of  their  situation  and  action  must  exercise  an  influ- 
ence in  determining  the  precipitous  character  which  the  sides 


W.  H.  Niles—Eromon  of  Valleys. 

of  glacial  vallevs  so  often  have.  If  it  is  objected  thai  such 
water-worn  surfaces  are  rarely  met  with  upon  the  sides  of  val- 
leys from  which  the  glaciers  nave  retreateu,  it  must  be  remem- 
bered that  the  ice  above  the  streams  and  the  atmospheric 
agencies  modify  theae  anrfaces  after  they  have  been  left  by  the 
streams,  hence  the  rocks  have  the  features  which  they  received 
from  the  last  agent  which  acted  upon  them. 

Still  lower  and  quite  underneatn  the  »ide  of  the  glacier  tbere 
are  larger  and  often  much  longer  lateral  streams,  which  are 
much  more  important  agents  in  the  excavation  and  formatioa 
of  the  valleys.  These,  flowing  in  channels  of  their  own  forma- 
tion in  the  rock  and  quite  below  the  ice,  tend  to  deepen  the 
valley  along  its  edg&s  and  to  give  it  that  cafion-ltke  form  bo 
often  seen. 

Sometimes  the  aqueous  erosion  under  the  sides  of  a  glacier 
is  greater  than  it  ia  under  the  medial  portion,  and  when  lliis 
has  been  continued  for  long  periods  tne  edgesi  of  the  valley 
have  become  the  deepest  portions,  and  when  the  lower  end  of 
the  glacier  has  receded  to  this  part  of  the  valley  it  is  often  bi 
furcated,  its  terminations  being  upon  opposite  sides  of  the  rocky  j 
eminence  left  in  the  central  part  of  the  valley.     Such  knolls  or  , 
hills  occur  in  the  valleys  of  ancient  glaciers,  as,  for  CKample,  in 
the  valley  of  the  Bhone  at  Sion,  and  tbey  have  always  been  a 
puKzle  to  the  advocates  of  a  purely  glacial  origin  of  such  val-   ' 
leys.     If,  however,  we  duly  recognise  the  power  of  subglricial 
slreiiin.s,  l\\<!  liiliw  wliii.-li  ure  HorneUrne^*  left  in  positions  wIkvl- 
they  have  been  fully  cxpo.sed  to  tlic  action  of  glaciers  appear 
as  a   normal  and  not  as  an   anomalous   re.sult  of  the  agencies 
which  have  excavated  such  valleys. 

With  many  other  glaciers  and  often  with  other  parts  of  the 
same  glacier,  the  medial  stream  is  the  most  important  one  in 
volume  and  power,  and  then  it  tends  to  make  that  part  of  the 
valley  the  deepest,  anil  the  glai^ier  assumes  a  corresponding  fonu. 

In  eonclunion  I  will  state  that  the  observations  of  three  sum-  i 
mers  among  the  gliiciers  of  the  Alps  have  led  nie  to  estimate 
the  relative  afrency  of  glaciers  and  sub-glacial  streams  in  liie 
erosion  -'f  viill'-v^  w'  follows:  via.,  that  tlie  sub-glacial  streams 
are  of  )'i-:  ;■.  n.;.  ri:iiii?c  in  working  in  advance  of  the  ice  in 
deepL'iJi  I  ■  i  .  .  ..■.■iiiL'  these  valleys,  and  that  the  glacier 
abraili.'.  rK.'iil-..  .mi  m  a  measure  reduce  the  promiueul  [xt- 
tions  left  h\  tl.e  streams,  and  give  them  the  well-known  gla- 
ciated surlhces. 
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Art.  XLVL — Notice  of  recent  additions  to  the  Marine  Fauna  of 
the  eastern  coast  of  North  America^  No,  2 ;  by  A.  E.  Verrill. 
Brief  contributions  to  Zoology  from  the  Museum  of  Yah  College. 
No.  XXXIX. 

During  the  past  summer  Professor  Baird  established  the 
headquarters  of  the  U.  S.  Fish  Commission  at  Gloucester, 
Mass.  Numerous  dredgings  were  made  under  the  direction  of 
the  writer,  in  the  U.  S.  Steamer  Speedwell,  commander 
Beardslee.  Mr.  Bichard  Bathbun,  Mr.  Sanderson  Smith  and 
others  assisted  in  the  invertebrate  department,  while  Mr.  G. 
Brown  Goode,  Mr.  T.  H.  Bean  and  Mr.  B.  E.  Earll,  took  charge 
of  the  Ichthyology.  The  temperatures  were  taken  by  Mr.  Asaph 
Hall,  Jr.  Our  dredgings  extended  over  Massachusetts  Bay  and 
Stellwagen's  Bank,  and  to  the  deeper  waters  of  the  Gulf  of 
Maine,  about  forty-five  miles  east  of  Cape  Ann.  Although  a 
very  large  and  valuable  collection,  containing  many  additions  to 
the  fauna,  was  obtained  by  means  of  our  dredges  and  trawls, 
more  novelties,  both  among  the  fishes  and  invertebrates,  were 
secured  by  inducing  the  fishermen  engaged,  in  the  fisheries 
of  halibut  and  cod  on  the  outer  banks,  to  preserve  and  bring 
in  the  various  things  that  become  entangled  in  their  trawl- 
lines.  Many  of  the  following  species,  some  of  them  of  great 
interest,  were  thus  obtained  by  the  fishermen,  together  with 
numerous  specimens  of  many  better  known  species,  among  which 
the  most  conspicuous  and  abundant  are  large  and  fine  specimens 
of  the  corals,  Parayorgia  arhorea  and  Primnoa  reseda^  while 
Acanella  Normani  has  recently  been  brought  in  from  many 
localities  in  considerable  numbers. 

ECHINODERMATA. 

Piertuter  ptUviHus  Sars.  Norges  Ecinod.,  p.  62,  PL  6,  figs.  14-16, 
PI.  7,  8. 

A  well-developed  specimen  of  this  species  was  dredged  in 
thirty-five  fathoms,  oft'  the  Isles  of  Shoals,  N.  H.,  by  Dr.  A.  S. 
Paclcard,  on  the  "  Bache,"  in  1874.  It  may  be  distinguished 
from  P.  militaris  by  its  more  warty  surface,  more  swollen  form, 
with  the  rays  narrower  below  and  the  transverse  spines  fewer, 
less  prominent  and  less  acute. 

Porcmia  grandiSj  sp.  nov. 

The  greater  radius  of  the  larger  one  is  4*75  inches ;  radius  of 
disk,  2'76.  The  greater  radius  of  another  is  4*35  inches;  of 
disk,  2*70.  The  upper  side,  when  fresh,  was  bright  cherry-red ; 
lower  surface  pale  yellow.  Easily  distinguished  by  the  nearly 
smooth,  fleshy  surface,  without  spines;  but  with  two  regular 
broad  bands  of  soft  slender  papillae  along  each  ray  on  the  upper 
sid^  and  with  radiating  grooves  on  the  lower  side,  which  exti^wd 


i 


872  A.  K  VvnUl— Marine  Fauna  o/ North  America.  I 

alao  to  the  upper  surface.  Margin  of  disk  without  distinct 
spines,  but  with  irregular  rudimentary  tubercles,  covered  by 
t'le  skin.  Adambalacral  spines  forming  an  inner  row,  two, 
united  by  a  baaal  web,  on  each  plate,  and  an  outer  series 
airauged  in  ohiitjue  transverse  groups  of  about  three;  these  are 
shorter  and  covered  by  the  skin,  which  is  everywhere  finely 
graiiuh^se.  No  interbrachial  spines,  except  one  or  two  rudi- 
mentary ones,  close  id  the  mouth. 

Two  large  and  line  specimens  of  this  species  were  taken  on 
trawl-lines  on  the  eastern  slope  of  George's  Bank,  in  about  220 
fathoms,  and  presented  by  Capt  Anderson  and  the  crew  of  the 
schooner  Alice  G.  Wonson,  August,  1878. 
Ast^rina  pygnuxa,  ap.  dot. 

A  small  species,  perhaps  young,  with  a  rather  flattened  pen- 
tagonal disk,  with  edges  concave,  and  very  short  obtuse  rays. 
Upper  surface  covered  with  small,  sub-acute,  etuutish  spines  on 
the  disk,  mostly  placed  singly  and  not  crowded;  on  the  rays 
mostly  in  transverse  groups  of  two  or  three  on  each  plate.  A 
short  row  of  few  conspicuous  solitary  pores  for  the  papulse  are 
on  each  side  of  the  base  of  the  rays ;  margin  of  disk  thin, 
fringed  by  a  row  of  small  slender  spines  borne  on  the  ventral 
row  of  plates,  which  project  more  than  the  smaller  dorsal  ones ; 
.  the  ktt^  bear  a  group  of  very  small  inconspicuous  spines,  and 
belong  to  the  upper  surface.  Beneath,  the  disk  is  covered  with 
soft  skin,  allowing  cnnapicunus  nulliuing  furrows  betWL^t-n  tlif 
relatively  large,  oblong,  marginal  plates,  each  of  which  bears  a 
row  of  four  to  six  sniall,  slender,  marginal  .spines  on  its  outer 
end,  but  is  elsewhere  smooth,  or,  when  dry,  minutely  jrraiiulose. 
There  are  eight  of  these  plates  on  eacli  interradial  margin. 
The  triangular  interradial  area  has  a  few  plates,  some  of  which 
have  one  small  acute  spine.  Tlic  Nnibiilacral  grooves  are 
borderefl  by  two  rows  of  small,  acute,  rather  stout  spines  on 
each  side,  those  of  the  outer  row  usually  ctiiiiding  erect,  those 
of  the  inner  ones  often  interlacing  across  the  groove.  Usually 
one  inner  and  one  outer  spine  to  each  pl.tte,  but  close  to  the 
mouth,  two  inner  ones  sometimes  on  one  plate.  Snialler  radiuf!, 
3*5""':  greater.  .5"". 

Ciishe's  Ledge,  <lulf  of  Maine,  fiftv-two  to  ninetv  fatlK.ins. 
Dredged  by  Dr.  Packard  and  Mr.  Cooke  on  the  "Bache,*"  in  1873. 
Arch'ister  F'/orf,  sji.  uov. 

Five  ravs;  greater  radii.  85  to  88™":  smaller,  15  to  IS""; 
breadth  of  arms  at  base,  about  20'""  :  in  mid<!le,  about  IS""": 
paxilligerous  portion  in  middle,  7  to  9""",  or  about  twice  a,-;  wide 
a.s  ujiper  marginal  phite.«.  Disk  moderately  large.  Hat.  with  the 
centra]  opening  niised  on  a  slight  emiiienec.  Anns  elongjite'l, 
llai  alHivc.  regularly  tajiered  to  slender  acute  tii)s.  Dorsal  ^ur- 
hcc  H'Jth  the  paxillte  evenly  and  regularly  arranged,  mostly  with 


A.  JK  VerriU — Marine  Fauna  of  North  America.        373 

about  fourteen  to  eighteen  small,  short,  round-tipped  spinules 
at  the  summit;  of  these,  ten  to  twelve  are  usually  aivergent  and 
border  the  edge,  and  are  a  little  longer  and  more  slender  than 
the  four  to  six  more  rounded  ones  that  form  a  central  group. 
Marginal  plates  forty-five  to  forty-eight  on  each  side ;  upper 
ones  mostly  higher  than  long,  except  toward  the  tips,  even  and 
regular,  thickly  covered  with  small  spinules  which  are  finer  and 
more  slender  around  the  margins,  where  they  are  crowded  and 
divergent,  those  over  the  central  part  being  shorter,  larger  and 
more  obtuse,  with  occasionally  one  or  two,  small,  acute  spines 
rising  from  the  center  of  the  plate,  especially  along  the  middle 
of  the  arm.  Lower  marginal  plates  opposite  the  upper  and  a 
little  higher,  covered  with  the  same  kinds  of  spinules,  but 
mostly  having  a  central,  vertical  row  of  two  to  four,  slender, 
acuity  spines,  which  are  more  or  less  appressed  and  scarcely 
longer  than  the  plates,  but  longer  than  those  on  the  upper 
plates.     Adambulacral  plates  each  with  an   inner  fan-shaped 

Sjroup  of  eight  or  nine,  slencfer,  rather  long  spines,  the  central, 
ongest,  and  with  an  outer,  more  or  less  circular,  loose,  divergent 
cluster  of  eight  to  ten  shorter,  slender  spines ;  a  similar,  but 
mostly  smaller  and  more  regular,  cluster  occupies  each  of  the 
pavement-like  plates  that  cover  the  triangular  interbrachial  area 
and  extend  out  along  the  arms  between  the  marginal  and 
adambulacral  plates,  in  about  three  rows  toward  the  base,  but 
gradually  narrowing  to  one,  farther  out 

Oral  plates  prominent,  forming  narrow  elliptical  "jaws"  sur- 
rounded by  two  close  rows  of  short  spines,  those  of  the  inner 
row  slightly  divergent  with  enlarged  rough  tips,  in  close  con- 
tact ;  those  of  the  outer  row  shorter,  with  the  tips  flattened  and 
closely  pressed  against  the  inner  ones,  so  as  to  support  them 
externally. 

CJolor,  in  life,  light  purplish  red  above,  yellow  beneath. 
Dredged  by  us  in  1877,  about  thirty  miles  south  from 
Halifax,  N.  S.,  in  100  fathoms,  fine  compact  sandy  mud,  asso- 
ciated with  Archaster  arcticus^  Astrogortium  granulare^  Asterias 
stellionura^  Hippasieria  phrygiana,  Antedon  Eschrichtzii^  Pen- 
natula  aculeaia,  Eudendrium  rameum,  etc. 

Ophiacofntha  sp.     Related  to  O,  cosmica  (fide  Lyman). 

Distinguished  by  having  the  disk  thickly  covered  with 
minute,  three-pronged,  slender  spinules.  Mouth-plates  extend- 
ing into  interbrachial  spaces.  Eastern  slope  of  George's  Bank, 
220  fathoms,  (schooner  "  Alice  G.  Wonson.") 

AstrophyUm  eucnemia  MtlU.  and  Troschel. 

Several  specimens  of  this  specias,  not  before  known  south  of 
the  Gulf  of  St.  Lawrence,  were  found  clinging  to  specimens  of 
Paragorgia  arborea,  from  the  eastern  slope  of  Georffe's  Bank,  in 
about  220  fathoms,  (schooner  "  Alice  G.  Wouaou.  '^ 
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Aatroeheh,  gen.  nov. 

Disk  covered  with  small  scales,  above  and  below.  Radial 
ribs  well-developed.  Oenital  openinp:s  small,  oblique,  close  to 
Viase  of  arms,  at  each  end  of  a  depression  in  edge  of  disk.  Teetli 
and  tooth -papil lie  Bpiniform,  mouth  papillie  irregular,  small  or 
rudimentary,  few  or  solitary.  Arm-Rpioes  thorny  and  claw- 
iike.  Arms  anmilaled,  granulated,  long,  slender  undivided. 
Afitroehele  Lymani,  sp.  nov. 

Disk  strongly  fivelobed,  the  interbrachial  space.'',  in  the  dried 
specimen,  much  incurved.  Radial  ribs  extending  to  near  the 
center,  highest  and  rather  angular  at  the  outer  end.  Whole 
surface  of  disk,  including  ribs,  closely  covered  with  small,  con- 
vex, rounded,  wartj  scales,  with  a  somewhat  larger  central 
scale,  surrounded  by  a  circle  of  similar  ones  near  the  inner  ends 
of  the  ribs  and  a  few  others  irregularly  placed  between  the  ribs. 
On  the  ribs  some  of  the  scales  are  conical.  Under  surface, 
except  jaws,  covered  with  small  round  scales  or  granules  con- 
cealing the  plates.  Teeth  slender,  a-'ute,  rough,  in  a  single  row, 
except  the  under  ones  (or  tooth-papillse),  which  are  iu  pairs,  but 
of  same  shape.  On  the  side  of  jaws,  near  the  tip,  there  is  a 
very  small  acute  conical  mouth  papilla,  and  sometimes  another, 
still  smaller,  near  the  middle ;  a  similar  one  is  seen  lower  down 
on  the  lateral  face  of  acme  of  the  jaws.  Arms  granulated  like  , 
the  disk,  the  annular  ridges  bearing  also  a  row  of  small,  strongly 
curved,  acatc,  'jlaw-likc  Imok.s.  wlilcli  becomi'  larger  and  more 
prornincnt  toward  the  ti|)s  of  the  arms,  especiallv  beneath. 
Toward  the  base  of  the  arms  there  arc  on  the  pri'Tniiieut,  side 
arm-plates,  beneath,  about  three  spines  havinp;  tliickeiied  ba.ses 
anil  narrnwwl,  acute,  thorny,  claw-likc,  brown  tips. 

Diameter  of  disk,  7™°:  length  of  arms  four  or  five  time.-!  a.^; 
much.  Found  clinging  to  Aram-llti  Xomunii.  from  south-eastern 
slope  of  Le  Have  Bank,  200  fathom.s,  Oapt.  Wm.  McDonald, 
(schooner  N.  II.  Phillips). 

IIydhozoa. 
Blustothela,  gcii.  now 

Ilydroid  allied  to  M'/riolhela  and  Arcudi-^.  B.idy  cluiigatc.l. 
.'icssile,  attached  at  base  by  .•ilcudor,  simple,  root-like  proces-cs; 
a  circle  of  slender  tentacles  near  the  base;  above  tliesc  are 
many  stout  simple  pracesscs  (blastostylc.i),  which  bear  the  small 
sexual  zooids  (gonophorcs)  on  their  side.s;  upper  portion  vt 
botly  elongated,  covered  with  small  capitate  tentacles. 

ArattliK  difl'crs  in  having  no  bhistostylcs,  and  in  the  moile  of 
attachment;   Myrinthfht  in  having  branched  blastostvles.   but 
!Hi  basal  tentiicles. 
niiMotlielu  nmeii.  sp.  nov. 

Roily  i-longateil  and  rather  ."lender  in  expansion,  with  the 
(j/)/ier  portion   round  and  usually   nearly  cylindrical,  obtuse, 
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covered  everywhere  with  small  crowded  capitate  tentacles,  with 
short  pedicels;  tip  obtuse;  blastostyles  numerous,  clustered 
about  trie  base,  large,  elongated,  cylindrical,  obtuse  or  tapered 
at  the  tip,  the  sides  covered  with  many  very  small,  short, 
obtuse  or  capitate  papillae  (?  undeveloped  gonophores),  and 
bearing,  among  them,  the  few  rounded,  more  or  less  irregular 
gonophores.  Basal  tentacles  slender,  slightly  capitate,  not  so 
long  as  the  blastostyles,  and  not  in  a  regular  circle. 

(x)lor  light  rosjr  red ;  the  tentacles  and  gonophores  whitish. 
Length,  24"™ ;  diameter,  10°^ ;  length  of  tentaculiferous  por- 
tion, 18°^;  its  diameter,  3-5°™. 

Gloucester,  Mass.,  outer  harbor,  attached  to  Plilola  serrata,  in 
seven  fathoms,  sandy  bottom.  A  specimen,  apparently  the 
young  of  this  species,  was  taken  by  us  at  Eastport,  Me.,  in 
1872,  in  about  twenty  fathoms. 

Dicoryne  flexuosa  6.  O.  Sars. 

Numerous  specimens  of  this  interesting  hydroid  were  dredged 
both  this  year  and  last,  in  many  localities,  in  the  Gulf  of  Maine 
and  oflf  Nova  Scotia,  in  50  to  125  fathoms.  It  grows  usually 
upon  the  shells  of  living  Neptunea  Stimpsoni  and  N,  decemcos- 
iatUj  sometimes  also  on  shells  inhabited  by  Eupaguri.  Often 
associated  with  Eudendrium  rameum. 

Anthozoa. 
Pennatula  barealis  Sars. 
Pertnaiula  grandia  EhreDberg  (non  Pallas). 

A  fine  large  specimen  of  this  species,  taken  on  a  trawl-line, 
between  Sable  I.  Bank  and  Banquereau,  N.  S.,  in  about  250 
fathoms,  was  presented  by  Capt  J.  W.  Collins,  of  the  schooner 
"Marion.**  It  was  previously  known  only  from  northern 
Scandinavia.  Its  height,  preserved  in  alcohol,  is  20*5  inches ; 
length  of  peduncle  to  first  alse,  5*75 ;  diameter  of  peduncle,  in 
middle,  '5;  of  swollen  portion,  110;  of  rachis,  '70;  breadth 
across  largest  alse,  5 ;  length  of  largest  alae,  2*25 ;  breadth,  -75 ; 
length  along  dorsal  edge,  1 '90;  distance  between  alae,  '30  to  '50. 

Alee  36  on  one  side,  long,  subtriangular,  with  the  polyps  in 
groups  on  the  dorsal  edge,  forming  two  to  four  rows ;  polyp- 
cells  large  and  prominent,  with  eight  sharp,  spieulose,  projecting 
points.  Middle  of  ventral  surface  naked,  smooth,  bordered  on 
each  side  with  a  band  of  rudimentary  zooids.  Color,  bright 
dark  red,  polyps  paler. 

SaUidna  Einmarchica  Gray. 

Virguiaria  Finmarchica  Sars,  1 860. 

Pavcnaria  Finmarchica  Kolliker,  Pennatiiliden,  p.  243. 

A  specimen  of  this  rare  species,  not  before  known  from 
America,  was  taken  with  the  preceding  and  presented  by  Capt 
Collins.  The  upper  portion  had  been  broken  ofE^  leaving  tne 
axis  exposed  for  two  inches,  and  to  tbis  tN<7o  ^^^^TCi^\v^  q»V 
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Urticina  tiutlosa  were  attacheil,  their  baaal  margiDS  having,  in 
each  cose,  united  arouod  the  axis,  which  is  small  and  round. 

Tlie  uninjured  portion  is  12'5  inches  long;  breadth  across 
iargesl  alie.  60;  peduncle,  lo  alie,  450;  to  firet  zooido,  S"20; 
breadth  ol'  largest  als,  50 ;  height,  without  polyps,  "33 ;  length 
of  their  acute  marginal  lobes,  -10;  diameter  of  peduncle,  '30; 
of  rachis,  '20.  _ 

Anthomastus,  gen,  nov.  I 

Aleyonarian  forming  a  large  rounded  polypiferous  mass, 
niiaed  on  a  short,  stout,  barren  peduncle,  Polyps  few,  very 
large,  spiculose,  entirely  retractile  into  8-rayed  cells.  Rudi- 
mentary zodids  numerous,  minute,  scattered  between  the 
polyps.  Coenenchyma  abundant,  tirm,  finely  spiculose. 
Ant/uimaatru  f/randijtorug,  sp.  nov.  fl 

Corallum  broadly  capitate,  surface  finely  granulose  ;  polyp-  ■ 
cells  not  prominent  Peduncle,  50""  broad,  80  high  ;  [)olyp- 
iferouB  Hummil,  82  broad,  30  thick;  expanded  polyps,  36  long; 
8  in  diameter;  25-28°"°  (1-li  inch)  across  tentacles.  Spicnla 
of  surface  minute,  rough  stellate  and  capitate ;  beneath  the  sur- 
face are  long  slender  spicula,  and  slender  fusiform  ones  are 
abundant  in  the  tentacles  and  pinnte.  Color,  deep  cherry-red. 
Off  Sable  Island,  N.  S.,  in  about  260  fathoms,  schooner  Marion 
(oolL  Newcomb).     Two  speoitnens  were  obtained.  m 

Acanthotforgia  armata,  sp.  nov. 

Corallum  .slender,  flexible,  much  and  irregularly  branchtHl, 
sonit'wliat  in  ii  plane,  the  bi'anchcs  occasionally  nnitin<r.  C<e- 
ncni'hyinii  thin,  lillfd  vvitli  conspicuous,  white,  rough,  curved, 
fusiform  spiculii.  Polyp-C'clls  very  much  elongated,  the  le!ij;ili 
sl.\  to  t'ijrht  times  the  diiimeter,  often  curved,  clavatc,  or  eapi- 
late,  .smallest  at  base  and  suddenly  enlarged  near  the  summit, 
wliicii  is  surmounted  by  eight  groujxs  of  long,  divergent,  sharp 
Mpieula ;  .sides  of  polyp-cells  with  eight  low  ridges,  covered  with 
elongaiL'd  spicnla,  having  an  irregular  chevroncil  arrangemeuL 
Height,  ahnut  8  inches;  breadth,  fi;    lenglli  ul  eclls.  o'""  lo 

S :   their  diameter  at  base,  "8  to  l"""  ;  at  summit,  1  to  lo"™. 

Color,  ash-urav:  axis,  vol  lo  wish -brown. 

OIV  Nova  Seotia.  300  fathoms,  Capt.  T.  G.>odwin  (sch.  Elislia 
Crowell).  A  second  specimen  from  off  George's  Bank,  in 
aboul  220  falhonis,  Capt.  Anderson  (schooner  Alice  G.  Wonsun). 
A-rxtoisfHarHotaVvrrUl 

Of  this  .'^peeies,  described  in  ilic  last  number  of  this  .Tonrnal. 
another  specinien,  taken  witii  the  two  iireeeding,  has  been  le- 
c<-ived  frnm  Mr.  (Jeo.  K.  Allen,  of  the  schooner  "  Marion. ■"  This 
li.is  rlic  ('(cni'nehvriia  and  jiolyps  upon  it,  ami  is  coiisideniblv 
lailci-.  but  llie  joints  luck  the  golden  color,  and  are  plain 
browti.     The  polj-p-cells  are  pale  salmon,  prominent,  elongated, 
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expanding  toward  the  end,  and  are  crowded  equally  over  the 
whole  surface ;  they  are  covered  with  large,  conspicuous,  acute 
spicula,  which  are  grouped  at  summit  into  eight  sharp  project- 
ing points.  The  ccenenchyma  is  thin,  translucent,  yellowish, 
filled  with  long,  slender,  fusiform,  acute  spicula. 

Height  (base  absent),  40  inches;  diameter  of  trunk,  without 
cells,  '28;  length  of  cells,  -20;  diameter,  08;  calcareous  joints 
of  stem,  2  to  2*5;  flexible  ones,  -15  to  '18.  One  branch  is  27 
inches  long,  without  dividing.  With  this,  five  additional  speci- 
mens of  Acanella  Normani  were  taken. 

FlaheUum  Ooodeiy  sp.  nov. 

A  fine  large  species  with  a  lonff,  deep,  compressed  calicle, 
its  longer  diameter  being  nearly  three  times  as  great  as  the 
shorter.  In  a  side  view  the  summit  is  broadly  rounded  and 
the  lateral  edges  form  an  angle  of  about  144® ;  they  are  formed 
by  prominent  acute  costae,  while  the  principal  lateral  costae  are 
large,  elevated,  obtuse  and  irregularly  roughened  by  numerous, 
obliquely  ascending,  raised  lines,  arranged  in  chevrons.  There 
are  eleven  principal  costae  on  each  side,  making  twenty-four  in 
all,  each  of  which  corresponds  to  one  large  and  two  small 
septa ;  a  small  ridge,  corresponding  to  the  latter,  is  often  seen 
on  either  side  of  the  large  costal  ridges ;  alternating  with  the 
latter  there  are  similar,  but  much  smaller,  secondary  costae. 
All  the  costae  become  fainter  toward  the  base,  which  terminates 
in  a  tapering  subacute  pedicle.  Wall  very  thin,  with  a  glossy 
epithecal  coating ;  the  edge  recedes  greatly  between  the  prin- 
cipal septo-costal  summits,  which  are  very  prominent.  Septa 
about  96,  very  irregular,  thin,  with  wide  interspaces,  the 
average  distance  between  the  twenty-four  principal  septa  being 
about  10™™ ;  between  the  smaller  ones,  about  3"" ;  inner  side 
of  the  septa  nearly  straight,  thin,  smooth,  the  upper  end  mostly 
broadly  rounded,  often  subtruncate  at  tip,  scarcely  projecting 
above  the  costal  wall,  and  not  recurved.  Septa  of  the  thira 
and  fourth  cycles  successively  much  narrower,  those  of  the 
third  with  the  summits  much  less  elevated,  while  those  of  the 
last  cycle  rise  nearly  as  high  as  the  primaries,  but  are  very 
much  narrowed.  Lateral  surfaces  of  septa  are  smooth,  but 
show  lines  of  growth. 

Height,  53™™ ;  along  lateral  edges,  42 ;  length  of  calicle,  70 ; 
breadth,  26 ;  space  between  inner  edges  of  large  septa,  5  to 
8™".     Color,  light  yellowish  brown  when  fresh. 

One  living  specimen  from  the  eastern  slope  of  George's  Bank, 
in  about  220  fathoms  (schooner  Alice  G.  Wonson). 

Tuophohelia  prolifera  Edw.  and  Haime. 

A  fragment  of  a  large,  dead,  but  nearly  fresh,  specimen  of 
this  coral,  taken  about  thirty-nine  miles  S.S.W.  from  the  N.W, 
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Light  of  Sable  Island,  in  160  fathoms,  was  presented  bjr 
Thelneny  (schooner  Wm.  Thompson.) 

MOLLUSCA. 
ftepioki  lewoplera,  ep,  nor. 

SpwMcs  probably  small,  bat  the  three  specimens  obsen-ed 
are  probably  not  full  grown.  Body  short,  aepressed,  with  the 
mantle  smooth.  Ventral  surface,  in  middle,  with  a  somewhat 
flattened  heart-shaped  or  shield-shaped  area,  surrounded,  except 
in  front,  by  a  silvery  white  band,  having  a  pearly  or  opalescent 
luster.  Eyes  small,  with  round  pupils.  Pina  large,  in  the 
living  specimens  nearly  as  long  as  body,  bi-oadly  rounded; 
the  posterior  lobe  reaches  nearly  to  end  of  body,  the  anterior 
edge  beyond  front  of  mantle,  to  the  eye.  The  anterior  edge  of 
the  mantle  is  emarginate  beneath  ;  above  it  is  broadly  attached 
to  the  head.  Sessile  arms  short;  upper  ones  shortest;  third 
pair  largest;  tentacular  arms  slender,  extending  back  to  end 
of  body.  Upper  surface  of  body  opalescent  in  some  lights, 
thickly  spotted  with  orange-brown,  spots  most  numerous  in 
middle  line  and  extending  to  upper  surface  of  head,  and  some 
also  on  outer  surfaces  of  arms;  anterior  part  of  head  white; 
fins,  arms  and  extremity  of  body,  translucent  bluish  white; 
upper  surface  of  eyes  opalescent,  with  silvery  blue  and  red 
tints;  head,  below  the  eyes,  silvery  white;  above  eyes,  blna, 
Lnigth  to  base  of  arms,  14"™,  in  iileohol ;  of  mantle  above, 
ymm .  ijreiidth,  J"™;  breadth  across  fins,  16°™. 

Gnlf  of  .Maine,  30  miles  E.   fi-om  Cape  Ann,  110   futhnms. 
muddy  l«)Uom,  associated    with   ^>is(<(  t^iibl'iiis  iinil   Oclu/i'ts 
B^iiniu,  Aug.,  187S. 
ChU',i>  {A'.-fnith^-pleum)  Hankyi  (Bean). 

A  well-c-liiiractcri«eil  living  example  of  this  s|>efies,  new  to 
America,  was  recently  detected  by  Mr.  Sanderson  Smith,  uf  our 
party,  while  dredging  8^  miles  S.  by  E.  ^  E.  from  Cape   Ann, 
ill  ihirty-eiL'lit  fatlinnis,  sand  and  gravel. 
IWhi.  rit.ri'K  (Chemnitz). 

This  eleifaiit  liltle  speeies,  not  before  known  from  Aineneii. 
has  been  fnuiHt  in  cnnsiderahlc  niinibei-s  iittaclied  to  P-im-fonjia 
arb'jren  and  Acunpl/<i  Xcrmu'ii,  fivDm  ;i2U  fathoms,  on  the  eastern 
slope  of  Geor^^-'s  Bank  (from  the  "Alice  G.  Wonson"),  and  on 
A'-'iii'/l",  from  Banqucreau,  100  fathoms,  from  Capt.  ilorrisey 
(sehooner  -'Alice  M.  Williams"). 

Easily  distinjriiislied  by  its  delicate,  white,  tninsluecnt  .'^hell ; 
eoveii-d  on  Imtli  valves  with  very  fine  radiating  striie,  and  with 
(h'lieate  eDncentrie  lamelhv,  which  rise  inio  immenius,  miiuite, 
dclii-ale,  vaulted  scales.  The  largest  specimens  are  about  "5 
of  an  inch  in  diameter. 
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Art.  XL  Vn.— jD/5coi;e7*y  of  two  more  new  Planets;  by  C.  H.  F. 
Peters.  (From  a  letter  to  the  Editors,  dated  Litchfield 
Observatory  of  Hamilton  College,  Clinton,  N.  Y.,  October 
5,  1878. 

Two  more  planetoids  have  been  discovered  here,  one  on  Sep- 
tember 22d,  and  the  other  on  September  30th.  In  order  to 
avoid  confusion,  as  the  numbers  perhaps  may  yet  suflFer  some 
change,  I  have  given  immediately  names  to  them,  calling  the 
former  Jsmene,  the  latter  Kolga.  The  planet  discovered  on 
September  9,  I  have  named  Pkthia. 

The  following  observations  have  been  obtained: 

[191]  Ismene;  11*6  magnitude: 

1878.  Ham.  Coll.  m.  t  App.  a.  App.  6. 

h.  m.   8.  li.  n.    1. 


Sept  22, 

27, 

30, 

Oct    2, 

16 

16  19  21 
13  21  61 
13  16  18 

1  10     8 
1     7    16-96 
1     6   37-63 
1     4  27-04 

+  40  66'     _• 
+  4     32     7-2 
+  4     17  67-4 
+  4       8  18-6 

(approx.) 

12  ring  micr.  oomp. 

10  fil.  micr.        " 

10   "      "            " 

Sept  30, 

Oct    1, 

2, 

4, 

li.    m.  1. 
14     2  46 
10  20  20 

12  28  49 

13  10  48 

[192]  Kolga; 
n.  m.       s. 
23  46     4-66 
23  44  33-66 
23  43  60-44 
23  42  36-61 

10*6  magnitude: 

-8°     8'  36-3' 
-8     16    16-8 
-8     23   36-8 
-8     38   67-4 

10  fil.  micr.  comp. 
12  ring  "        " 
10  filar  "        " 
12  ring  "        " 

The  strong  motion  of  the  last  planet  in  declination  discards 
the  idea  of  its  being  identical  with  [162]  Laurentia^  which  was 
observed  only  in  one  appearance,  and  has  not  been  found, 
neither  in  the  preceding  nor  in  the  present  opposition.  The 
numbers  attributed  to  the  last  two  planets  therefore  are  upon 
the  assumption,  that  the  planet  found  by  Professor  Watson 
on  Sept.  22d  also  is  not  identical  with  [162]. 


Art.  XLVm — ITie  Sonorous  Voltameter;*  by  Thomas  A. 

Edison,  Ph.D. 

The  sonorous  or  bubble  voltameter  consists  of  an  electrolytic 
cell  with  two  electrodes,  one  in  free  contact  with  a  standard 
decomposable  solution  and  the  other  completely  insulated  by 
vulcanized  rubber  except  two  small  apertures,  one  of  which 
gives  the  solution  free  access  to  the  insulated  electrode,  and 
the  other  allows  the  escape  of  bubbles  of  hydrogen  as  they 
are  evolved  by  electrolysis.  With  a  given  current  and  a  given 
resistance  a  bubble  is  obtained  each  second,  which  is  seen  at  the 
moment  of  rising  and  which  at  the  same  time  gives  a  sound  when 
it  reaches  the  air.    The  resistance  may  be  reduced  so  as  to  give 

*  Bead  at  the  St  Louis  meeting  of  the  American  Association. 
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one  bublile  in  one,  live,  ten  or  fifty  secoods.  or  in  as  many 
hours.  I  have  compared  this  instrument  with  tUc  ordinary 
vullnmetvr  ami  find  it  much  more  acuuratt;.  By  ih«  use  of  a 
very  xmall  insulnted  electrode  and  but  one  aperture,  through 
which  both  the  gas  and  water  current  must  pass,  great  increase 
of  resistance  takes  place  at  the  moment  when  the  bubble  le 
forming;  and  just  before  it  rises,  a  sounder  magnet  included 
within  lh«  battery  circuit  opens,  closing  again  when  the  bubble 
e.->c»peA,  tliu^  allowing  by  means  of  a  Morse  register  the  time  of 
each  bubble  to  be  recorded  automatically.  This  apparatuii, 
when  properly  made,  will  be  I'ound  very  reliable  and  useful  in 
some  kinds  ot  work,  such  as  measuring  the  electro  motive  force 
of  balleriea,  etc  By  shunting  the  voltameter,  and  using  a 
recorder,  it  becomes  a  iiieiisurer  not  only  of  the  current  passjog 
at  the  time,  but  also  of  that  which  has  passe'l  thruu^h  a  circuit 
from  any  source  during  a  given  interval. 
Uonlo  PHk,  N.  J.,  Jul7  IS,  IBIS. 
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1.  On  the  Behavior  of  Hydrogen  peroxi^  with  tfia  Alk^itg.- 

In  hia  ser:nnd  paper  on  hvdrniren  peroxidL',  ScnnvE  discnsBefi  the 

rfhuioiisoftlnssul.staiiiv'tu  the  iilkdiL-s,  will.  j.urMcular  r.-len-n.-e 
to  thf  <lucnnipo-*iii^'  action  of  these  ii|><)ii  tlie  peroxi.le  ;  an  iu'tioti 
classic.!  as  "catiilvtie"  l.y  Uerxeliiis.  Ills  fiist  cin.rts  ^^-^■^..■  ilir.rtc.l 
to  llii-  |.r.«lu(-li.<ii  of  |.,-r..\iil,-  livilr;it,-s  ..r  llie  alkiilii-^  i.i.iili-'uiis 
to  tlios,-  .)!*  the  .ilk:ilinf  ,-;irtlis.'    F..r  lliis   [mr|iiisf   ;i   s,.Iutk.iL   ot 

w'itli  ;i  ti'ti  percent  suiUliih' liyiirale  snlnlii.ii  In  (-.|invalerit  i.n^ 
).ortiuns,  A  rise  ..1*4°  to  5°  V.  look  j.Iaee,  ivith  a  verv  sli^'lit  i-v..- 
Iiition  o1"i:;l?<.  On  coiicfiitriUinir  llie  snluiiuii  in  a  vaemini.  .■fflnn-.- 
eerit  (■rvsi.ils  sei-arate.)  mi  l!u>  eilires  at  first,  aii.I  then  Ian',- taliiilar 
ervstai;  t'^TimM  in  thr  solution.  If  utsU:u\  ..(  r\  aj>..i-atiii-r  ,||f 
si.intii.n,  once  anrl  a  half  or  Uvu;-  its  v-iliinie  of  ahvolnte  alcohol  !>,- 
a.Mcl,  an^l  it  he  all.iwe.l  to  ^tainl  i.i  a  o.ol  plac- fur  Iweiii  v-lunr 
hours,  spear-sha|»"l  ervsluls  often  sev  eral  Ccnliintters  ]o„,r.  am-ear 
iiL  tlLc  solution.  On  atialvsis  lln^v  -Ive  r.urnlHTs  a^reeiLi- wiU,  llic 
f..rniu!a  Na/)^.  (11./))  .  "Tliev  arc  i.lci.tieal  with  lliosc  ohlaincil 
later  I. V  h'airlev*  in  iIlc  same  manner,  an. 1  witli  those  ..htuine.l  l.v 
\'enn.n  llar.'ourtt  Lv  >olntion  of  so.linni  iliovi-le  in  water.  WKel. 
ra|.i.llv  he:ite,l  in  a  ix\n><^  Inhe  the  erwtals  melt,  froth,  evolve 
oxygen    ami    leave   su.limn   liy^raie.      In   elose-l  vessels,  the   same 

for  ooni[jieli.in.      Al.solnte  ale.ihol  i.rc-crves   it    prritv  well,  if  ear- 

l.uii  <iio.vi.le   he   ex.'lii.icil.      On  examining  ihe  effloreseenee  abovv 

•J.  Chcm.  Soc.,  mi,  1,  125,  1871.  f  U.,  liv.  274,  1862. 
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mentioned,  it  was  found  to  be  a  mixture  of  the  substance  already 
described  and  of  another  substance  having  the  formula  Na,H^O^, 
or  Na  0,(HX),)„  a  compound  of  sodium  peroxide  with  hydrogen 
peroxide.  To  prepare  it,  a  mixture  of  one  molecule  of  sodium 
Dydrate  and  about  three  and  a  half  molecules  of  hydrogen  per- 
oxide solution  are  mixed  and  evaporated  in  vacuo.  The  crystals 
are  colorless  and  very  minute ;  are  at  first  transparent,  very 
soluble  in  water,  dissolve  in  this  and  in  dilute  acids  without  evolu- 
tion of  gas,  and  effloresce  in  dry  air.  In  vacuo  over  sulphuric 
acid  they  lose  four  molecules  of  water,  leaving  Na,H^O,.  A 
similar  peroxide  hydrate  was  obtained  with  potassium,  though 
mixing  the  solutions  and  evaporating  gave  only  a  yellow  amorph- 
ous mixture  of  potassium  tetroxide  and  potassium  hydrate,  K,0^+ 
(KOH-|-H,0)^.  But  if  excess  of  hydrogen  peroxide  be  used,  and 
the  evaporation  be  conducted  at  a  low  temperature  —  1 0°  C,  a 
white  opaque  mass  results  which  is  very  hygroscopic  and  has  the 
formula  K,H^O„  or  K,0,(H,0,),.  These  facts  the  author  uses  to 
explain  the  "  catalytic"  action,  as  follows :  The  decomposition  of 
hydrogen  peroxide  in  alkaline  solutions  is  due:  1st,  to  the  ten- 
dency of  the  alkalies  to  form  compounds  of  the  composition 
Ryll^O,  or  R,0,.(H,0  ),;  2d,  to  the  tendency  of  the  alkali  metal 
within  this  compouna  to  oxidize  itself  to  a  higher  oxide,  the 
tetroxide ;  and  3d,  to  the  reduction  of  the  tetroxide  to  dioxide  by 
the  water  present. — Liebig^s  Annaleny  cxciii,  241,  August,  1878. 

G.  p.  B. 

2.  On  a  Series  of  Magnetic  Compounds  having  the  Formula 
R^Fe,0^. — Of  the  possible  compounds  of  ferric  oxide  with  the 
basic  oxides  isomorphous  with  ferrous  oxide,  only  two,  MgFe  O^, 
prepared  by  Deville,  and  ZnFe,(y,  by  Ebelman,  both  produced  at 
nigh  temperatures,  are  known.  List  has  undertaken  to  prepare 
these  compounds  in  the  wet  way.  A  ferric  chloride  solution  as 
nearly  neutral  as  possible,  was  precipitated  with  excess  of  lime 
water  or  of  calcium  saccharate,  the  bright  leather-brown  precipi- 
tate washed  with  lime  water,  filtered,  dried  and  ignited.  A  dark 
brown  friable  powder,  having  the  composition  CaFe,0^,  was 
obtained,  which  was  strongly  attracted  by  the  magnet.  Barium- 
ferric  oxide,  obtained  similarly,  had  similar  properties.  The  mag- 
nesium compound,  prepared  either  by  adding  magnesia  to  a  neu- 
tral solution  of  ferric  chloride  or  by  adding  potassium  or  sodium 
hydrate  to  mixed  solutions  of  ferric  chloride  and  magnesium  sul- 
poate,  is  a  cinnamon-brown  powder,  strongly  magnetic.  Man- 
ganous,  zinc,  nickelous,  cuprous  and  lead  oxides  yielded  like 
magnetic  compounds.  Even  potassium  and  sodium  oxides,  ignited 
with  ferric  oxide,  yield  a  compound  attracted  by  the  magnet. — 
Ber,  BerL  Chem,  Qes,^  xi,  1612,  Sept.,  1878.  g.  p.  b. 

8.  On  the  Copper-zinc  couple  and  on  Nascent  Hydrogen, — In 
view  of  the  fact  that  finely  divided  copper  charged  with  hydrogen 
converts  niter  into  nitrite  and  ammonia  and  reduces  potassium 
chlorate  to  chloride,  Gladstonb  and  Tkibe  have  been  led  to  study 
the  reducing  action  of  palladium  and  platinum-hydrogen  and  to 


Sru-iitijic  Inlelli 

compare  it  with  Lhat  of  ilw  Mmpor-zinc  conple.  They  aUo  iriec 
eoppt^r-hydrogen  and  oarhon-hydrogeti.  Tliey  tind  a  cloee  analogy 
belw(H.-n  Bomt?  ai-lioR«  of  tlip  copper  Bine  conple,  of  occlDdi*a 
hydrofH;!)  and  of  the  wt-called  namM.-iit  hydrogen,  and  conclude 
tliut  tliu  ^reat  riower  of  hyilrogt-nixatiun  aud  reiinctifu  of  the 
«<>pniT-Binc  couple  depends  on  tbi-  absorption  of  hydrogen  by  the 
linely  ilivided  metal.  The  activity  of  the  bydrogeti  in  these  caaeH 
may  ))e  cxplain^'d  by  mpposiDg  ( 1 )  that  it«  energy  is  tncreaited  by 
a  more  negative  clement,  or  (2)  that  the  atomic  condition  of 
occluded  hydrogen  differs  from  lliat  of  ordinary  hydrogen,  or  (3) 
that  the  increased  power  of  the  hydrogen  ie  due  to  its  condensea 
ooodilion.  Since  m  those  oLaages  eflfeeted  by  nascent  hydrogen, 
the  gas  is  set  free  iu  contact  with  a  metal  which  condenses  it,  the 
authors  incline  to  the  opinion  that  the  activity  of  nancent  hydro- 
gen is  due  only  to  its  occluded  condition. — ./.  Chein.  Soc,  xxxiH, 
3i>6,  Aug.,  1678.  u.  F.  a 

4.  On  ths  Action  of  Xitrous  acid  on  Uiitatiimtfd  Hydroear- 
hong. — TuNNiRx  has  obser\-ed  that  when  a  concentrated  solution 
of  potaftsium  nitrite  i«  mixed  with  a  solution  of  an  uusaturaled 
hydrocarhon  in  glacial  atretic  acid,  products  are  obtained  whieb 
analyriis  shows  to  be  direct  addition  products  of  the  hydrocarbon 
and  ^fir  Thtw  fiirt'iirbutylene  gives  a  beantifully  crystallised 
compound  0,U,.O,  N,0„  phenylbutylene  gives  C,.H„,N,0„  and 
styrol,  tot^lbatylene,  aiiethol  and  amylene  give  similar  bodies. 
On  reduotioii,  these  bodies  give  basea  which  uontain  in  the  plaw 
of  the  N,0,  group,  an  amido  and  an  hyflroxyl  group.     Thus  the 
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cent  of  methyl  aldehyde. — Ber.  Berl,  Chem,  Oes.y  xi,  1686,  Sep- 
tember, 1878.  G.  p.  R 

6.  On  the  Determination  of  Phenol  volumetricaUy, — Dbc4eneb 
has  proposed  a  method  for  the  volumetric  estimation  of  phenol 
based  upon  the  fact  that  bromine  in  aqueous  solution  acts  upon 
phenol  dissolved  in  water  producing  tribromphenol  and  hydrogen 
bromide:  C.H,On  + (Br,)  z=C,H,Br,OH  +  (HBr),.  On  adding 
the  bromine  water,  the  solution  at  first  is  clear ;  but  soon  it  be- 
comes turbid  and  finally  on  continued  agitation,  a  snow-white 
voluminous  curdy  precipitate,  consisting  of  fine  interlacing  needles, 
is  thrown  down,  leaving  the  liquid  clear.  The  slightest  excess  of 
bromine  is  recognized  by  potassium  iodide  and  starch  paper.  To 
estimate  an  amount  of  phenol,  up  to  five  per  cent,  it  is  sufficient 
to  add  one  drop  of  a  bromine  solution  in  excess  containing  forty 
grams  bromine  and  half  as  much  potassium  bromide  in  a  liter, 
provided  the  titered  fluid  does  not  exceed  forty  to  fifty  cubic  cen- 
timeters. The  titer  of  this  bromine  water,  which  varies  from  day 
to  day,  is  fixed  by  adding  a  known  quantity  to  a  solution  of 
potassium  iodide,  and  titering  the  iodine  set  free  with  sodium 
hyposulphite.  A  series  of  experiments  with  phenol  showed  the 
process  to  be  accurate  to  0'12  per  cent. — J.  prakt,  Ch,,  II,  xvii, 
390,  July,  1878.  g.  p.  b. 

7.  Vanillin  in  Gum  Benzoin  from  Siam, — ^Jannasch  and  Rtjmp 
have  succeeded  in  preparing  vanillin  from  the  gum  benzoin  of 
Siam,  in  which  gum  it  was  first  discovered  by  the  latter  chemist. 
The  finely  divided  gum  is  intimately  mixed  with  half  its  weight 
of  calcium  hydrate  m  an  iron  vessel,  water  being  added  to  make 
a  stiff  paste.  Ten  or  twelve  times  the  quantity  of  boiling  water 
is  added  with  continued  stirring,  the  solution  is  freed  from  benzoic 
acid  by  acidifying  it,  and  the  acid  filtrate  is  extracted  with  ether. 
On  evaporation  of  the  ether,  impure  vanillin  is  left.  After  recrys- 
tallization  from  water,  it  is  soluble  in  ether,  alcohol,  chloroform, 
elacial  acetic  acid,  less  so  in  cold  benzene,  crystallizing  from  all 
ID  prismatic  crystals.  It  fuses  at  81°,  reddens  litmus  when  in 
solution,  expels  carbon  dioxide  from  carbonates  forming  salts, 
gives  a  dirty  green  or  violet  color  with  ferric  chloride,  has  the 
taste  and  odor  of  vanilla  and  precipitates  lead  acetate  and  silver 
nitrate.  Purified  by  hydrosodium  sulphite  its  analysis  gave  num- 
bers agreeing  with  those  of  vanillin.  Petroleum  ether,  boiling 
point  below  90°,  dissolves  it  abundantly  when  hot,  scarcely  at  all 
when  cold.     It  crystallizes  from  this  solvent  on  cooling  in  splendid 

S'oups  of  long  highly  refracting  prisms  of  considerable  size. — Ber. 
erL  Chem.  Ges.y  xi,  1634,  September,  1878.  g.  p.  b. 

8.  On  the  Alkaloids  of  the  Aconites. — ^Weight  and  Lupp,  in 

their  third  and  concluding  paper  on  the  alkaloids  of  the  aconites, 

discuss,  (1)  the  action  of  saponifying  agents  on  aconitine,  (2)  the 

action  of  acids  on  aconitine,  (3)  the  action  of  organic  anhydrides 

on  aconitine,  aconine  and  pseudaconine,  (4)  the  decomposition 

products  of  picraconitine,  and  (5)  the  alkaloid  constituents  of 

aconite  roots  generally.    As  a  result  of  their  investigations  they 

Am.  Jour.  Sol— TmBD  Sbbibs,  Vol.  XVI,  No.  96.— Nov.,  1878, 
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conclnde:  1st,  that  Acanitum  fttrox  rootn  coDtain  a  i^hararteristic 
cryHtalliiable  and  highly  active  alkaloid,  peeudaconitiue  C„H,, 
NO,,,  the  aurochloride  aad  nitrate  <.'ryalalliziDg.  2d.  A.  napeBun 
roots  contain  chiefly  acoiiitine,  t-''„II,,NOj„  crvetalliKible,  losing 
ai  1&4°,  and  rorming  cryBtallizablc?  salts.  3d,  FsendaconitiDe  and 
aouniline  readily  lose  water,  forming  ano-derivatives  closely  resem- 
bling t\w  original  bases.  4th,  SH|)onilying  agents  break  up  n«end- 
acHinitine,  a<'onitinc  and  pier»coiiitini>,  forming  brnwiic  acid  or  a 
derivative  of  it,  anil  new  bHM>«>,  patMidafontnc  C„fI„NO,  aconine 
C„ll„NO  ,  and  picraronine  L'^,1I„N()^  5th,  On  treatment  with 
organic  actds  or  anhydrides,  aconitine  aod  pseudaconitinc  lose  the 
elements  of  water  and  form  derivatives  in  which  II  is  replaced  by 
an  acid  radical,  flth,  Aconiue  and  pseudaconine  form  aoalogous 
deriv:itives  by  the  action  of  organic  aniiydridea  and  perhaps  also 
of  organic  acids.  7th,  Certam  acidx,  however,  only  transform 
aconine  and  paendaoonine  into  apo-derivatives.  8th,  Since  there 
is  DO  partionlar  difficulty  in  obtaining  well  crystalliEed  salts  and 
bases  both  from  A,  fero^x  and  A.  tujpellus,  the  nse  of  the  amorph- 
ous precipitated  Babstancee  at  present  sold  as  aconitine  shonld  be 
discontinued  and  that  of  the  crystallized  alkaloids  and  their  salts 
eiibstituted. — J.  Chem,  Sor.,  xsiciii,  318,  Aug.,  1B78.        g.  f.  b. 

0.  On  a  supposed  neie  eUment  Moaandrum. — Dr.  J.  Lawbencb 
Surrti,  in  a  recent  article  in  the  Comptes  llendus  (July  22,  1878) 
has  announced  the  discovery  of  a  new  earth  in  the  samar^ite  of 
*'  '  Carolina.  This  earth  belongs  to  the  oerium  group  and  to 
Mtne  Mosandra,  or  Mosandram  oxide  has  been  given.  H. 
Marignac,  to  whom  some  of  the  material  had  been  submitted,  has 
suggested  {(.".  IJ.,  Aug.,  1878)  th.it  tlie  supjiosccl  new  earth  is 
i.n.l'Ml.lv   i.ii'Tilic:.!   with   ferbu,.     Vr.   Smith,  while      '     '     " 
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tion.  Glucinum  does  not  act  on  pure  water,  either  at  the  ordinary 
temperature  or  when  heated.  It  decomposes,  however,  the 
hydrates  of  potassium  and  sodium  as  well  as  hydrochloric  and 
sulphuric  acids,  determining  a  brisk  evolution  of  hydrogen  when 
the  materials  are  heated.  Nitric  acid  attacks  the  metal  more 
slowly.  When  heated  in  a  current  of  dry  chlorine,  the  metal 
bums  with  great  brilliancy,  yielding  white  crystals  of  its  chloride 
besides  a  small  red  sublimate  of  ferric  chloride  and  a  residue  of 
undecomposed  glucina.  This  reaction  indicates  the  nature  of  the 
impurities,  and  analysis  showed  that  the  crude  metal  contained 

SiUca 0-99 

Iron 208 

Glucina 9*99 

Glucinum 86*94 

100- 

An  accurate  knowledge  of  the  nature  and  amount  of  the  impu- 
rities enabled  the  experimenters  to  deduce  from  the  observed 
specific  gravity  of  the  crude  metal  1-9101  the  specific  gravity  of 
pure  glucinum,  which  they  fix  at  1  '64.  In  like  manner  the  spe- 
cific heat  of  pure  glucinum  was  deduced  from  that  of  the  crude 
metal  determined  with  Bunsen's  ice  calorimeter,  after  the  method 
of  Schtlller  and  Wartha.  The  result  calculated  from  the  mean  of 
four  observations  gives  for  the  specific  heat  of  glucinum  0-4084. 
This  result  is  very  interesting,  as  it  indicates  a  closer  relation 
between  glucinum  and  aluminum  than  has  usually  been  supposed 
to  exist.  The  specific  heat  of  aluminum  multiplied  by  its  atomic 
weight  gives  the  product  0'2143X27'5=6*89,  and  if  we  assume 
that  glucina,  like  alumina,  is  a  sesquioxide,  then  the  atomic  weight 
of  glucinum  would  be  13-95  and  0-40S4X  13-9=5-70;  while,  on 
the  other  hand,  if  glucina  is  a  protoxide,  the  atomic  weight  of 
the  element  would  be  9*3,  which  when  multiplied  by  the  specific 
heat  just  found,  would  give  a  product  wholly  irreconcilable  with 
the  usual  theory.  The  same  conclusion  in  regard  to  the  constitu- 
tion of  glucina  was  reached  by  the  writer  several  years  since,  on 
finding  that  in  the  mineral  Danalite  alumina  might  replace  glu- 
cina. It  is  also  worthy  of  notice  that  if  this  view  of  the  constitu- 
tion of  the  oxide  is  correct,  the  atomic  weight  of  glucinum.  is  one 
half  that  of  aluminum,  within  the  limit  of  uncertainty  which  still 
attaches  to  these  values.  j.  p.  c,  jr. 

11.  Photometric  Measurements  of  Electric  Lights, — Mr.  W. 
Abnet  uses  for  this  purpose  the  two  shadows  of  a  metal  rod 
which  is  1  cm.  in  diameter,  7 '6  cm.  long.  The  shadows  are  7-2 
cm.  distant  from  one  another  and  are  thrown  upon  a  screen.  By 
means  of  a  heliometric  adjustment  and  a  divided  lens  the  two 
images  of  the  shadows  (seen  through  oiled  paper)  are  made  to 
approach  each  other  and  are  observed  through  an  eye-piece.  The 
lignts  are  made  equal  by  the  approach  or  recession  of  one.  With 
the  use  of  homogeneous  lights  the  measurements  are  very  exact ; 
for  instance,  in  the  comparison  of  a  candle  and  a  lamp  the  ratio 
varies  from  1 :  10*18  to  1  :  10-26.     By  means  of  red  glass  and  an 


nmini'niu-Al  eolnlion  of  copper  the  light  of  a  f«lf-n^ulnting  eler- 
trie  tump,  provMcd  witb  carbons  of  one^ialf  inch  eqnare  section 
snil  nin  at  ilifiertrni  specdB  )>y  meanti  ol'  a  cram  machine,  was 
eoini««rwl,  ninlcr  varied  circumetanceit  of  worV  and  rfesislance  of 
circuit,  M'itb  ft  parafine  lamp.  Kcfli-cte<I  light  was  carefully  shut 
off  anil  the  lieht  paMeii  through  a  square  opening  of  eighteen 
inches  in  a  wall  of  the  luboralory .  The  actinic  effects  were  also 
comparefl  according  to  the  method  of  Koscoe.  It  was  found  that 
the  brigfalnees,  or  intensity,  as  well  as  the  aetjnic  effect,  increased 
ill  a  greater  ratio  tlian  the  nnmber  of  revolutioiui  of  the  generator 
and  the  horse  power  conaunied.     The  increant!  »8«  alower  for  the 


rei]  raya,  uuicWr  for  the  blue  and  uuickect  for  ilit?  aotiuic  effect. 
The  fJlowiDg  ta 


wiDg  table  exhibits  this  reaull: 


No.  of 

lioiK 

power. 

Bloe 

light 

Sed 

light. 

Actinic  effect 

240 

1-3 

360  candles. 

1 8ft  candles. 

aso 

2-5 

750 

" 

800  candle 

r   «0 

6-8 

2500 

" 

BBO 

" 

2750        ■' 

r   640 

8500 

« 

1620 

" 

'     66S 

90 

2100 

« 

1 1 020       " 

fiSO 

The  resistance  of  the  volt»c  aro  was  about  0-ls  of  an  ohm 
with    375    to   383    revolattoQB  per   minute;  the  electromotive 
power  of  the  machine  was  111  voita.    The  reBistance  of  the  ciiv.  ^| 
coit  wao  about  0*6  of  an  ohm. — Froc  Roy.  Soc.,  xivii,  157-169,  " 
1878  ;  Heibian^.r  Fhijgik  iiikI  V/ienile,  ii,  497.  j.  t. 

]-i.   A    jieir  Elect rir  L/i III}'. — M.  (i.  Keymkis  describes  in"  the 
Coriiiiti-;  Kfiiiliii-,  IST«,  Ixvsvi,  |i.  ini:i-[t4,!i  lii:lit  wliicli  oliviates 
tlii>  use  or  rftriih.tors.     il  .onsiMs  simj.ly  ..f  a  lliiri  rod  of  carbon 
■  of  the  cliTtric  jri'iurator  and  is 


■ssi'd   against  : 

,  wl,«.l  ■ 

c.  carl,,,,,  glo. 

iM  at  )!, 

,v™  t),o  »li,.el 

t.,a„r,ll, 

l,„v,  ,„„,l„„, 

I  a  Iit,'hi 

t  pciiiit  ofcniitact.  Till.-  iiivfiHor  claims 
J  liiivc  prod,u-o.l  a  Ii,t,'hi  l.y  tii.-:iiis  of  four  r.iiii-cn  fU-mvnts  an.i 
ti)  have  produced  several  lijjlils  in  tlie  same  circuit.  j,  t, 

IK.  The  xirei-jth  i if  I  In  Elvtric  Tttepl.-uic  'Vj-w/./a.— Bossciu 
has  made  u  determination  of  the  relative  comparative  stri'iipth  i>f 
currents  uliieli  are  irenerated  liv  the  voice  in  telephones.  Upon 
(lie  middle  of  the  plare  of  a  liuri/oiital  leleplioiic  a  stiff  hrislle 
was  attacl.t-d  :iijiI  the  «>\riiisLoiis  of  tliis  iverc  observed  througl)  a 
mi.-1-os.-ope  whieh  |,erinit(e.l  of  a  movement  of  a  thousan.Uh  of  a 
milliiiLeter  (mikron  n).  .MovenKMits  of  5-77  !o  7-77  mikron  indi- 
cated in  one  telej.lione  (immherefl  ;i)  cunerits  of  0-1027  and  i)-233: 
Welicr'H  ntiit,  sliowin;^  lliiil  llie  enrreiUs  were  nearly  proportional 
to  the  movements.  The  unit  of  enneiit  irave  a  movement  f=^^i--Ui. 
With  three  other  tele[il:ones  nimilieicd  1,  2  and  4,  t  Imd  tlii> 
values  i^'12-aii,  i^r^'lii  and  ;i.i'!>/j.  In  order  to  ascertain  the 
limit  of  currents  wliieh  produeed  audible  tones  in  the  telcpliorip, 
the  instrument  was  placed  in  a  circuit  with  a  Uanielt  cell  and 
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the  resistances  were  varied.  In  all  four  telephones,  tones  were 
heard  when  the  strength  of  the  current  and  the  values  of  c  were 
as  follows : 

1  2  3  4 

S  0-000100  0-000163  0-000084  0-000066 

s  0-00226/4  0-00133  0-00288  0*00237 

With  a  movement  equivalent  to  y^  of  the  wave-length  of 
sodium  the  telephone  was  heard.  This  explains  the  fact  that 
Professor  Bell  heard  sounds  when  the  space  between  the  vibrating 
membrane  and  the  magnet  was  filled  with  a  cork.  Bosscha  thus 
shows  that  Professor  Bell's  hypothesis  that  the  movement  of  the 
plate  was  molecular  is  unnecessary.  The  currents  which  were 
necessary  to  produce  the  measured  excursions  of  the  style 
observed  by  the  microscope  were  measured  by  Weber's  multipli- 
cation method.  A  tone  of  440  vibrations  producing  an  amplitude 
of  1  mikron  indicated  a  current  of  0-0000792  and  produced  an 
audible  sound  in  the  telephone.  Bosscha  speaks  of  the  great 
sensitiveness  of  the  telephone,  and  remarks  that  it  can  be  used  in 
observations  upon  the  stratification  noticed  in  Geissler  tubes. — 
Beibldtter  Physik  und  Chemie^  ii,  613.  j.  t. 

14.  On  the  hypothesis  of  a  chctnge  of  climate  through  changes 
in  the  obliquity  of  the  ecliptic^  or  changes  in  the  position  of  the 
axis  of  rotation.  The  following  remarks  on  this  subject  are  cited 
from  a  paper  by  Dr.  James  Croll,  entitled  Cataclysmic  theories 
of  Geological  Climate,  which  has  appeared  in  the  September 
number  of  the  Geological  Magazine  ^London). — The  theory  of  a 
change  in  the  obliquity  of  the  ecliptic  has  been  appealed  to,  in 
order  to  account  for  changes  in  geological  climate.  This  theory 
for  a  time  met  with  a  favorable  reception ;  but,  as  might  have 
been  expected,  it  was  soon  abandoned.  The  researches  of  Mr. 
Stockwell  of  America,  and  of  Mr.  George  Darwin  and  others  in  this 
country,  have  put  it  beyond  doubt  that  no  probable  amount  of  geo- 
graphical revolution  could  ever  have  altered  the  obliquity  to  any 
sensible  extent  beyond  its  present  narrow  limits.  It  has  been  demon- 
strated, for  example,  by  Mr.  George  Darwin,  that  supposing  the 
whole  equatorial  regions  up  to  latitude  45°  north  and  south  were 
sea,  and  the  water  to  the  depth  of  2,000  feet  were  placed  on  the  Polar 
regions  in  the  form  of  ice — and  this  is  the  most  favorable  re-dis- 
tribution of  weight  possible  for  producing  a  change  of  obliquity 
— ^it  would  not  shift  the  Arctic  circle  by  so  much  as  half  an  inch  I 

Variations  in  the  obliquity  of  the  ecliptic  having  been  given  up 
as  hopeless,  geologists  and  physicists  are  now  inquiring  whether 
the  true  cause  may  not  be  found  in  a  change  in  the  position  of 
the  earth's  axis  of  rotation.  Fortunately  this  question  has  been 
taken  up  by  several  able  mathematicians,  among  whom  are  Sir 
William  Thomson,*  Professor  Haughton,f  Mr.  George  Darwin, J 
the  Rev.  L  F.  Twisden§  and  others,  and  the  result  arrived  at 

*  British  Association  Report,  18*76,  part  II,  p.  11. 
Proceedings  of  Royal  Society,  vol  ixvi.  p.  51. 
Transactions  of  Royal  Society,  vol.  clxvii,  part  I. 
Quarterly  Jour,  of  (Geological  Society,  Feb.,  1878. 
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uuijrlit  t<i  convince  uv»>ry  gcologiet  how  hopeless  it  i 
Hid  in  t)u8  <)ircction. 

Mr.  Ocorgd  Darwin  has  demonstrated  that  in  order  to  displace 
the  pole  merely  l"  40'  from  its  pivsent  position,  one-twentieth  of 
the  entire  surface  of  the  clobe  would  ruquire  to  be  elevated  to  a 
height  of  111,000  feet,  witn  a  correspctoding  subsidenue  in  another 
quadrant.  Tliere  probably  uevt-r  w&s  an  upheaval  of  such  mag- 
nitnde  iu  the  history  of  uur  earth.  And  to  produce  a  deflt;ction 
of  3°  17'  (&  deflection  whic^h  would  hardly  i>ensibly  affect  climate), 
no  less  than  one-tenth  of  the  entire  surface  wouhl  require  to  be 
elevated  to  that  beighl,  A  continent  ten  times  the  sine  of  Europe 
elevated  two  miles  wuuld  do  little  more  than  bring  London  to  the 
latitude  of  Edinburgh,  or  Kditibiirgh  to  the  latitude  of  T^ndou. 
He  miut  be  a  sanguine  geologist  indeed  who  can  expect  to  account 
for  the  glaciation  of  thm  country,  or  for  the  former  absence  of  ice 
around  the  voles  by  this  means.  We  know  perfectly  well  that 
since  the  glacial  epoch  there  have  been  no  changes  io  tlje  physical 
geography  of  the  earth  sufficient  to  deflect  the  pole  half  a  dozen 
of  mites,  far  less  half  a  do^eti  of  degrees.  It  aues  not  help  the 
matter  moch  to  assume  a  distortion  of  the  whole  solid  mass  of  the 
globe.  This,  it  is  true,  would  give  a  few  degrees  additional 
deflection  of  the  pole,  but  that  such  a  distortion  actually  took 
place  is  more  optiosed  to  geology  and  physics  than  even  the  ele- 
vation of  a  continent  ten  times  the  size  of  Europe  to  a  height  of 
two  miles. 

Mr.  Twisden,  in  bis  valuable  memoir  referred  to,  has  shown 
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^^  As  to  changes  of  the  earth's  axis,  I  need  not  repeat  the  state- 
ment of  dynamical  principles  which  I  gave  with  experimental 
illustrations  to  the  Society  three  years  ago ;  but  may  remind  you 
of  the  chief  result,  which  is  that,  for  steady  rotation,  the  axis 
round  which  the  earth  revolves  must  be  a  principal  axis  of  inertia,' 
that  is  to  say,  such  an  axis  that  the  centrifugal  forces  called  into 
play  by  the  rotation  balance  one  another.  The  vast  transpositions 
of  matter  at  the  earth's  surface,  or  else  distortions  of  the  whole 
solid  mass,  which  must  have  taken  place  to  alter  the  axis  suffi- 
ciently to  produce  sensible  changes  of  the  climate  in  any  region 
must  oe  considered  and  shown  to  be  possible,  or  probable,  before 
any  hypothesis  accounting  for  changes  of  climate  by  alterations 
of  the  axis  can  be  admitted.  This  question  has  been  exhaustively 
dealt  with  by  Mr.  George  Darwin  in  a  paper  recently  communi- 
cated to  the  Royal  Society  of  London,  and  the  requisitions  of 
dynamical  mathematics  for  an  alteration  of  even  so  much  as  two 
or  three  degrees  in  the  earth's  axis  in  what  may  be  practically 
called  geological  time,  shown  to  be  on  purely  geological  grounds 
exceedmgly  improbable.  But  even  suppose  such  a  change  as 
would  brmg  ten  or  twenty  degrees  of  more  indulgent  sky  to  the 
American  Arctic  Archipelago,  it  would  bring  Nova  Zembla  and 
Siberia  by  so  much  nearer  to  the  pole :  and  it  seems  that  there  is 
probably  as  much  need  of  accounting  for  a  warm  climate  on  one 
side  as  on  the  other  side  of  the  pole.*  There  is,  in  fact,  no  evi- 
dence in  geological  climate  throughout  those  parts  of  the  world 
which  geological  investigation  has  reached,  to  give  any  indication 
of  the  poles  having  been  anywhere  but  where  they  are,  at  any 
period  of  geological  time." 

In  the  memoir  from  which  the  preceding  paragraph  is  quoted. 
Sir  William  maintains  that  an  increase  in  the  amount  of  heat  con- 
veyed by  ocean  currents  to  the  Arctic  regions,  combined  with  the 
efltect  of  clouds,  wind  and  aqueous  vapor,  is  perfectly  sufficient  to 
account  for  the  warm  and  temperate  condition  of  climate  which 
have  prevailed  during  the  Miocene  and  other  periods. 

Now  this  is  the  very  point  for  which  I  have  been  contending 
for  upward  of  a  dozen  of  years.  The  only  essential  difference 
between  Sir  William's  views  and  my  own  is  simply  this:  he 
accounts  for  an  increase  in  the  flow  of  warm  water  to  the  Arctic 
regions  by  a  submergence  of  the  circumpolar  land,  whereas  I 
attribute  it  to  certain  agencies  brought  into  operation  by  an 
increase  in  the  eccentricity  of  the  earth's  orbit. 

15.  Cause  of  the  cold  of  a  Glacial  era ;  by  Jambs  Croll, 
(Ibid). — When  the  eccentricity  of  the  eartjh's  orbit  is  at  a  high 
value  and  the  northern  winter  solstice  is  in  periheliouj  agencies 
are  brought  into  operation  which  make  the  southeast  trade  winds 
stronger  than  the  northeast  and  compel  them  to  blow  over  upon 
the  northern  hemisphere  as  far  probably  as  the  Tropic  of  Cancer. 
The  result  is  that  all  the  great  equatorial  waters  of  the  ocean  are 

*  This  has  been  proved  to  be  the  case  by  Professor  Haughton,  in  liis  paper  to 
the  Royal  Society;  "Nature,"  July  4,  1878.— J.  c. 
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impelled  into  tho  northern  bemUphere,  wbiob  thus,  in  consequence 
of  ihii  immense  accumulation  of  warm  water,  liau  its  teiiiperatnre 
raised,  and  enow  and  ice  to  a  great  extent  must  then  disappear 
from.  t1ie  Arctic  r<.'gionB.  When  the  precession  of  the  equinoxes 
brings  rouud  the  winter  solstice  to  aphelion,  Lite  condition  of 
tilings  on  tlie  two  hemispheres  is  reversed,  and  the  northeast  trades 
then  blow  over  upon  the  southern  hemispheres,  carryiog  the 
sreat  eqaaiorial  currents  alonj;  with  them.  The  warm  water  be- 
mg  thus  whollv  withdrawn  from  the  northern  hemisphere  its 
temperature  «inKB  enormously  and  snow  and  ice  be^n  to  Becumn- 
late  ill  temperate  regions.  The  amount  of  precipitation  in  the 
form  of  snow  in  temperate  regions  is  at  the  same  time  enormously 
iuereased  by  the  excees  of  eva|ioration  in  low  latitudes  resulting 
frum  the  nearness  of  the  suu  in  perihelion  during  summer. 

The  final  result  to  which  we  are,  therefore,  led  is,  that  those 
warm  and  cold  periods  which  have  alternately  prevailed  during 
past  ages,  are  simply  the  great  secular  summers  and  winters  of 
our  globe,  depending  as  troly  as  the  annual  ones  do  npon  planetary 
motions,  and  like  them  also  fulfilling  some  important  ends  in  the 
economy  of  natura 

16,  Scientific  JHemoira  ;  being  JSrperiniental  Contribvtion»  to 
a  £hoiole^e  of  Rrnlicait  Eitvrgu.  By  John  William  Drapeh, 
M.D.,  LL.D.,  President  of  the  Faculty  of  Science  in  the  Univer- 
sity of  New  York,  etc.  Largo  8vo,  473  pp.  New  York,  1878. 
(Harper  &  Brothers.) — ^The  lire  of  Dr.  Draper  haii  be^  an  exceed- 
ingly busy  one.     For  a  period  of  more  than  forty  years,  in  additkm 

mi-ntui  rusciirch  with  a  rare  success,  iind  h:is  in  coti sequence  bet'Q 
a  iiruiiiiiK-m  ciiiitrilpiitor  t..  llif  .luvi>ln,pmfiit  nf  niaiiv  of  tlio  most 
iiiil.oit:uil  -lis.nv.Tks  of  tuo.lcni  soii-iK'f.  (H  the  in'aiiv  scientific 
ji:i|)>.Ts  ^^■\,\<A>  )k-  h;is  [..iLlislif.!,  liv  lias  colli-cl.-.l  togutlifr  in  the 
volujiii'  liL-loi-i'  us  uiilv  Iliosu  wliich  ivlatc  to  Jiis  inve.-tiu'iifions  iu 
ra^liaiit  i^mltl^v.     Tliis  ;tcti.>n  i>  fullv  jiistilie-l  not  only   bv  the  ej- 
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(1861);  on  the  decomposition  of  carbonic  acid  by  plants,  in  which 
the  luminous  rays  were  proved  to  be  the  active  ones,  and  not  the 
chemical  rays  (1843);  on  the  chlor-hydrogen  photometer,  for 
measuring  the  intensity  of  the  chemical  radiations  (1843) ;  on  the 
phenomena  of  capillanty,  including  their  electrical  aspect  (1834- 
1846);  and  on  thermo-electricity  (1840);  all  these  are  researches 
of  the  highest  order.  In  cases  where  the  importance  of  the  me- 
moir seemed  to  require  it,  the  publication  of  it  has  been  in  full. 
In  other  cases  only  in  abstract ;  though  the  fullest  references  to 
the  original  paper  are  always  given.  Although  we  have  in  this 
volume  a  record  of  the  investigations  of  but  a  single  individual, 
and  these  only  in  a  single  direction ;  and  although  many  of  the 
original  memoirs  have  been  condensed,  in  some  cases  being  barely 
mentioned,  yet  the  results  make  a  goodly  volume  of  473  pages. 
In  thus  collecting  together  the  valuable  work  which  he  has  accom- 
plished. Dr.  Draper  has  not  only  done  an  important  service  to 
American  science,  and  produced  a  book  of  whicn  it  may  be  proud, 
but  he  has  placed  all  students  of  radiant  energy  under  obligation 
to  him,  since  they  now  have  these  most  important  memoirs  in  a 
form  convenient  for  constant  reference  and  consultation.  In  his 
preface,  the  author  hints  that  the  still  larger  collection  of  memoirs 
on  chemical,  electrical  and  physiological  topics,  some  of  them  as 

"-et  unpublished,  may  be  the  subject  matter  of  a  future  volume. 

""e  sincerely  hope  that  he  may  be  induced  before  long,  to  under- 
take the  work  of  preparing  such  a  volume,  and  thus  to  leave  on 
record  in  a  permanent  and  complete  form,  the  results  of  his  exten- 
sive labors  in  science.  The  book  is  issued  in  handsome  style, 
and  has  an  excellent  steel  plate  likeness  of  Dr.  Draper  as  a  front- 
ispieca 

1 7.  Elements  of  Dynamic^  an  introduction  to  the  study  of 
Motion  and  Rest  in  solid  and  fluid  bodies  ;  by  W.  K.  Clifford. 
Part  L  Kinematic.  8vo,  221  pp.  Macmillan  <fc  Co. — This  book 
differs  so  much  from  the  usual  works  on  the  same  subject  that  it 
deserves  special  notice.  A  difference  of  minor  importance  is  to  be 
Been  in  the  title,  namely  the  dropping  of  the  final  «  in  the  words 
Dynamics,  Kinematics,  Statics,  <fcc.  There  is  a  free  use  with  tech- 
nical definitions  of  Saxon  words,  as  step^  spin^  twisty  squirt^  xohirl^ 
&c.  To  the  following  extent  quaternions  are  tacitly  introduced. 
Vectors  with  their  sums  and  fluxes  are  defined  and  used.  The 
scalar  and  vector  products  of  two  vectors  are  treated  as  separate 
products,  not  as  parts  of  a  single  one.  The  quotient  of  vectors  is 
not  used  at  all. 

The  following  is  the  definition  oi force  (p.  2).  "  It  is  found  that 
the  change  of  motion  of  anv  body  depends  partly  on  the  position 
of  distant  bodies,  and  partly  on  the  strain  of  contiguous  bodies. 
Considered  as  so  depending,  the  rate  of  change  of  motion  is  called 
forced'*  That  this  definition  does  not  fairly  express  the  meaning 
of  the  word  as  good  writers  have  heretofore  properly  used  it  may 
be  seen  by  trying  to  put  rate  of  change  of  motion  for  force  in 
their  sentences.     For  instance,  Newton's  first  two  laws  of  motion 


yet 
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^M     uannui  >  utran^e  fonn  nrilh  such  tre&tmeDt.     Il  may  be  deei; 
^B     h\v,  cn|ieci)kll7  tii  pan:  Kiuematics,  to  have  a  urm  to  fxpi«»  that 
^1     nhwiin!  of  motion  wliicb  mtratun^  force.     But  if  so,  is  it  not  a 

■  " 


I 
I 


fair  ila-nMiiil  that  some  ii«w  word  be  uikeii  or  coinetl  for  tlie  i>ur- 
puiw?  The  word  force  hui  been  already  used  in  too  maujr  diflier 
vol  wnMH. 

TbiH  book  is  called  JSUtnenU,  utid  it  is  really  clemeutarj-,  even 
thODgh  in  some  parts,  vwing  to  itn  tereenees,  it  ie  not  very  easy 
readinff.  U  in  certainly  thv  tno»t  ouggcslire  book  we  know  of  on 
the  8UDJc>ct.  H.  X.  K. 

18.  Sound:  a  teriea  of  aimpU,  enUrtaining  and  inexpeatiot 
mperiiiteriU  in  the  fhenotnena  of  Sound,  for  tht  uw  of  gtutittUt 
of  every  age  ;  by  Alpbxb  M,  Matkb,  Professor  of  Phj'eicB  in  the 
Mcveus  Institute  of  TecbnologT.Htc.  170  pp.,  l^nio.  ffew  York, 
If  76.  (D.  Appleton  &  Co.) — 'rim  is  nnmb^T  two  of  tbe  "Eiperi- 
tnental  Sfience  Series  for  Beginners,"  of  which  the  first  volume, 
upon  Ligbt,  has  already  been  noticed  in  ibis  Journal.  Tbe  object 
of  till-  volume  le  to  |>res«ui  tbe  leadiitg  phenomena  of  sound  in  a 
simple  and  entertaJDin)/;  manner,  by  the  use  of  such  material))  a« 
arv  almost  everywhere  at  hand,  and  with  apparatus  whiob  any 
ingenious  student  can  constnict  for  liimseif.  To  preseat  the  ele- 
ments of  an  abstruse  subject  in  such  a  way  as  to  make  tbe  expooi- 
lion  easily  comprehensible  by  a  mind  not  specially  trained  in  it, 
and  at  tbe  same  time  correct  and  satisfactory  from  a  scientific 
point  of  viaw,  ia  one  of  the  most  difficult  undertakings  in  the  work 
of  an  instructor.  Add  to  this  tbe  task  of  briugiug  the  ex]>eri- 
mriihil  iilustrati^m  -i"  a  ^n.no,.  likr  tli^t  of  acou-tic^^,  wliidi 
r(-'|iiireM  such  n-fiiieincnt  in  tbe  ap|i!iriitus  iiiid   its  Tnaiiipul.Ttiou, 


islrutini.s.  ivhirh  a 


f  :ii.|jt'iiri"l  on  tlir  suhjvcl   of  S]H'i.tniiii   Aiialvsis,   tlitri' 


tilil   >U').   ill    tlK><liRO- 

ildv  t-oiiiK>fted  with 
I  was  m^.k-  by  JSuii 
t.T  bi^ariiiy  tfie  .bw 
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Aug.  7,  1844.  The  Swedish  chemist  reported  it  to  the  Stockholm 
Academy  (OEfversigt  af  kongl.  Vet.  Akad.  F6rh.,  (1844)  i,  144,) 
and  reprinted  his  report  in  his  well-known  "  Jahresberioht  tlber 
die  Fortschritte  der  Chemie,"  (1845)  xxv,  20.  Translated  the  report 
reads  as  follows: — "Bunsen  states,  that  ihe  electric  discharge 
between  copper  poles  is  blue,  and  that  it  shows  the  Fraunhofer 
lines  beautifully,  when  observed  by  help  of  a  tube  through  a 
prism.  When  other  metals  are  employed,  these  lines  are  exhib- 
ited very  differently  and  in  marvellous  variety.  By  throwing  the 
image  on  a  white  wall  by  means  of  a  camera  ohacura^  the  phe- 
nomena can  be  followed  with  the  greatest  exactness." 

There  is  certainly  no  lack  of  clearness  in  this  description,  yet 
every  one  whom  the  subject  interests  will  be  glad  to  read  the 
following  translated  extract  from  a  letter  written  in  answer  to  my 
inquiries,  and  dated  28th  July,  1878.  Bunsen  writes: — "When  I 
made  that  communication  to  Berzelius,  more  than  thirty  years 
ago,  I  regarded  these  lines,  as  did  every  one  at  the  time,  as  a  con- 
sequence of  the  lack  of  certain  kinds  of  light  in  the  sources  of 
light.  In  writing  that  the  electric  discharge  between  metallic 
poles  '  showed  the  Fraunhofer  lines  wonderfully  well,'  I  can 
therefore  at  that  period  have  referred  only  to  the  dark  lines 
between  the  bright  ones,  and  by  no  means  to  the  reversed,  bright 
and  true  Fraunhofer  lines.  This  is  sufficient  to  show  that,  in  the 
observations  made  at  that  time,  I  had  as  little  idea  as  any  one 
else  at  the  period,  of  the  fundamental  constancy  of  the  lines  of 
glowing  gases,  to  say  nothing  of  any  suspicion  of  the  transforma- 
tion of  bright  lines  into  dark  ones." 

It  is  superfluous  to  predict  that  others  will  ascribe  to  this 
research  a  very  different  degree  of  importance  from  that  indicated 
by  the  investigator  who  made  it. 

IT.  Geology  and  Mineralogy. 

1.  Oil-well  Records  in  the  Northern  or  Bradford  Oil  regions^ 
I^ennsylvania, — A  paper  by  C.  A.  Ashburneb,  of  the  Geological 
Survey  of  Pennsylvania,  published  in  the  Proceedings  of  the  Amer- 
ican Philosophical  Society,  contains  records  of  recent  well-borings 
in  McKean  and  Elk  Counties,  the  Northern  or  Bradford  oil-regions. 
Among  them,  that  of  the  well  of  Dennis  &  Co.,  in  the  former 
county,  to  the  southwest  of  Bradford,  is  of  special  interest  on 
account  of  the  exact  register  it  gives  of  the  kinds  of  beds  passed 
through  by  the  drill.  A  complete  description  of  the  rocks  will 
be  published  in  Mr.  Ashbumer's  forthcoming  Report  of  Progress. 
The  elevation  of  the  top  of  the  well  above  sea-level  is  2,056  feet ; 
and  the  rock  about  the  mouth  is  the  Glean  conglomerate,  or  the 
bottom  of  the  Millstone  grit,  called  the  Coal  conglomerate.  No. 
XII,  in  Pennsylvania  geology.  Its  depth  is  1,719  feet.  The  bor- 
ing took  place  in  December,  1877  and  January,  1878,  and  the  rec- 
om,  which  was  kept  by  Mr.  Arthur  Hale,  aid  to  J.  F.  Carll, 
Assistant  Geologist  in  the  Geological  Survey,  is  the  longest  de- 
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taileil  anil  aatnirnteli/  tnetisureil  record  of  any  oil-well  in  this  Uniled 
Slates.  The  oil-produciDg  sand  (sandatone)  belongs  to  the  Che- 
mung (leriod,  or  the  upper  part  of  No.  VIII.  iu  PeuDBylrania 
geology.  A  letter  to  tlie  edilorH  from  Mr.  Aflhbiirner  ooDlaiaa 
the  followiug  statements  reapecting  it.  One  object  in  view  was 
to  delfrmine  the  exact  strati  graphical  relatious  betweea  the 
"Third  oil-sand"  along  Oil  Creek,  Venango  Co.,  and  the  prodoo- 
ing  oil-sand  at  BradfoM,  Mr.  Carl!  aecertaiaed,  in  1875,  that  the 
two  were  different,  and  that  the  former  was  at  rati  graphically  sev- 
eral hnudred  feet  above  the  latter.  In  liis  Report  of  Progrese,  the 
top  of  the  Oil  Creek  "  Third  sand  "  is  stated  to  be  about  750  feet 
below  the  bottom  of  the  Second  Mountain  sand,  which  is  probably 
the  equivalent  of  the  Olean  conglomerate  in  my  records.  The 
Bradford  prodncing  sand  is  1,780  feet,  more  or  less,  below  thie 
latter  horizon,  so  that  if  the  measures  neither  increaae  nor  diminish 
u  thickness  between  Bradford  and  Oil  City,  the  Bradford  produo- 
ae  sand  would  be  about  1,000  feet  below  the  "Third  sand"  along 
on  Creek.  We  are  eure  that  the  rocks  maintain  a  constant  thick- 
ness between  these  two  points. 

The  paper  of  Mr.  Ashburner  gives  the  records  also  of  the  Kin- 
lua  Well,  1,768  feel  deep ;  the  Wilcox  Well,  No.  2,  or  Si;hulti  Gas 
Well,  2,004  teet  deep;  the  Wilcox  Well,  No.  3,  1,808  feet  deep; 
the  Ernhont  and  Taylor  Wells,  Noa.  1  and  2,  the  latter  2,000  feet 
deep;  the  Bear  Creek  Well,  1,998  feet;  the  Silver  Creek  Well, 
1,780  feet. 

It  stales,  concerning  the  Schnltz  Gas  Well,  that  gas  isvned  in 
itnnu>iis<-  (jiiaiititiert  from  a  dcj.tli  of  1,776  fci-t.  An  irii-h  j.ipcw;is 
inserted  to  a  depth  of  2,000  I'wt,  and  tliu  mouth  of  the  well  closed 
witli  the  hojii'  .)1'  ciuisiiii;  the  jf;is  lo  force  out  the  oil  from  tiie  htt- 
t.-r  .Iciilh.  Tw..  nr  tl.rw  I>;uWls  of  oil  were  thus  obtaiue.l;  aud 
if,  as  ^Ir.  Schultz  Ik^I.^v.'S  i!r>  tube  wii^  cnlirdv  t\\h:l  with  tlie 
oil,  tiK-  pivKsure  of  llic  ^':is  w;ls  sutticifut  to  raise  a  cliimn  of  oil 
an  inch  sniiarc  in  si-ition  ;iiid  2,000  fwt  higli.  Tliis  i,'rciil  pressure 
was  auHtiiiiied  but  for  :i  few  uiomciits ;  the  g;is  jirobably  bt..c3aie 
thoroughly  mixed  up  with  tlic  oil,  wbicli  fn>ni  its  low  temperature 
qnifkly  ,-ougenlcd  uu.l  uf!eclu;iUy  cliokwl  the  iii|.e."  After  :i  few 
hours  (lie  sras  ec:iwcd  entirely;  but  after  tliirty-siv  hours,  it  com- 
nicnced  to  flow  again  with  grejjt  ciu'riry.  'Hierc  was  a  sudilcn 
increase  of  the  iirt-isure  in  the  eiirlv  jiart'of  1N77.  Four  mouths 
biter  tlu^  How  of  y;is  censed,  but  in  .luly  14th  it  beirau  a<'aiu  to 
flow;  and  "iij)  to  the  present  time  the  amo.nit  of  gas  in'ereases 
and  dimiuislies  at  irrei;nlar  intervals."  The  -.'as  was\ised  in  drill- 
ing the  Wilcox  Wcll,"\o.  a. 

2.  Kr,,i>.i,  ..f  tif  (lr.-<it  r.,'J.rK.—y\\:  (ii:oi!t;K  :Maw,  F.L.S., 
mentious  ((icol.  Miii.'.,  Oct.,  ISTW)  facts  eonneeted  wilh  tlie  levil 
and  depth  of  the  (ireat  Lakes,  and  of  glaeial  phenomena  about 
them,  (slating,  among  other  things,  lliat  the  lioK-nn  of  Lake 
Ontario  is  -■JC-^fect  below  the  sea-level  and  600  feet  below  its  own 
outlet  into  the  Hi,  Lawrence ;  of  Krie,  462  feet  above  the  same: 
of  Huron,  145  feet  above;   of  Lake  Siipenor,  05  feet  below  the     j 
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sea-level) ;  and  conclades  that  the  idea  of  the  excavation  of 
Ontario  to  a  depth  of  600  feet  by  glacier  action  is  wholly  unten- 
able, and  that  the  theory  of  glacial  excavation  for  the  chain  of 
large  lakes  must  be  set  aside,  in  which  he  is  plainly  right;  and  he 
concludes  that  the  lake  depressions  are  of  post-glacial  origin. 

3.  On  the  occurrence  in  North  America  of  rare  Extinct  Verte- 
brates found  fragmentarUy  in  England. — Professor  R.  Owen  has 
a  paper  with  this  title  in  the  Annals  and  Magazine  of  Natural 
History  for  September,  1878.  It  treats  first  of  the  "Restoration 
of  Chondrosteosawrus^^  to  which  he  refers  Cope's  Camarosaurus^ 
and  secondly  of  the  Restoration  of  Goryphodon.  In  the  remarks 
on  the  latter  genus,  first  established  by  Professor  Owen,  the  author 
brings  out  many  points  of  interest,  and  gives  credit  to  Professor 
Marsh's  discoveries  for  the  chief  part  of  the  facts  upon  which  they 
are  based.  '^ITie  paper  has  the  following  concluding  sentence. 
^^  To  the  close  and  careful  comparisons  of  the  conscientious  palaBon- 
tologist  of  Yale  College,  we  are  indebted  for  the  above  interesting 
and  unexpected  additions  to  our  knowledge  of  the  rare  and  ancient 
Tertiary  mammal,  fragmentarily  indicated  in  the  '  plastic  clay '  of 
England  (1845)  and  in  the  'conglomerate  de  Pargile  plastique' 
at  Mendon,  France  (Hebert,  1866),  of  the  elements  toward  a  res- 
toration of  which  we  might  have  long  remained  in  doubt  had  they 
continued  to  be  made  known  to  us  as  parts  of  a  Bathmodon  or 
Loxolophodon.'*^ 

4.  On  the  Erupted  Rocks  of  Colorado ;  by  J.  M.  Endlich. 
572  pp.,  Svo.  From  the  10th  Annual  Report  of  the  United  States 
Geological  Survey  under  Dr.  F.  V.  Hayden,  United  States  Geolo- 
gist-in-char^e. — Mr.  Endlich  classifies  and  describes  the  eruptive 
rocks  of  Colorado,  their  relation  to  the  veins  of  ore,  their  age  and 
origin. 

6.  Analyses  of  Sutissurites. — ^The  following  are  the  references 
for  the  analyses  cited  on  page  341. — 1.  T.  S.  Hunt,  this  Journal, 
n,  xxvii,  345,  1859;  2,  Fikbnscheb,  J.  pr.  Chem.,  Ixxxix,  456, 
1868;  3,  H»TUN  &  Ppapfius,  Verb.  Ges.  Freib.  im  Br.,  ii,  1861; 
4,  Dblbsse,  Bull.  Soc.  Geol.  de  France,  II,  vi,  547,  1849 ;  5,  of  a 
specimen  from  Neurode,  Silesia,  Vom  Rath,  Pogg.  Ann.,  xcv, 
565,  1855;  6,  C.  F.  Chandler,  Inaug.  Dissert.  Gott.,  1856  (from 
Zobten,  Silesia) ;  7,  8,  of  a  lavender-blue  variety,  in  euphotide  of 
the  Isle  of  Unst,  M.  Foster  Heddlb,  Min.  Mag.,  Truro  and  Lon- 
don, April,  1878  ;  9,  Delessb,  Ann.  d.  Mines,  Iv ,  xvii,  116,  1850  ; 
— 10,  Damour,  C.  Rend.,  Ivi,  861,  1863;  11,  L.  R.  Fellenbbrg, 
Nat.  Ges.  Bern.,  1865,  112;  12,  of  a  saussurite  hatchet  from  near 
Gerlafingen  on  Bieler  See,  Switzerland,  Fellenberg,  Verb.  d. 
Schweiz.  Ges.  Solothum,  1870  (G.=3-2978). 

The  analysis  of  the  Orezza  saussurite  by  Boulanger  appeared 
in  the  Ann.  des  Mines,  III,  viii,  159,  1835 ;  he  obtained  Si0243*6, 
AIO3  32-0,  MgO  2-4,  CaO  21-0,  K^O  l-6=100-6.  He  also 
analyzed  a  saussurite  from  Mt.  Gen^vre,  obtaining  SiO^  44*6, 
AlO,  80-4,  MgO  2-5,  CaO  155,  Na,0  7-5=100-6,  showing  an 
approzimation  to  Delesse's  results  and  a  composition  near  that  of 
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tabnidorite ;  hut  (}.=2-65-  it  wnn  therefore  in  the  fel<)ji|ia 
not  tlie  KaoHHuritc^,  state.     Tlio  ooturrcnce  of  labrailorit^  a    ' 


I 


Riirite  in  a  eu|ihutide,  ami  transitions  from  one  to  the  other,  appear 
to  be  not  nucommon. 

An  anatyNia  of  a  aansMuriie  from  eu|ibotid<!  in  Xorwav  near 
Hergen,  afiortled  Th.  Hjortdalii  (NyL  Mag,  Niii.  C'briHtiani'a,  ftnil 
(iroth's  Zeitschr.,  1878,  306),  SiO-  42-fil,  AlO,  3l-it8,  FeO  019, 
MgO  0-81,  faO  20-94,  Na,0  232,  KjO  0-ie=aB-38.  withG.=318. 
It  ilifierB  Utile  from  other  analyses  of  wanseiirite  of  the Jiret  kioil, 
or  true  sauBearite,  excepting  in  the  smull  amount  of  ma^esia. 

Although  jadeitc  ib  not  yet  known  to  be  one  of  the  eutihotJde 
minerals,  the  Bpecitnens  tteing  thus  far  oidy  polished  implements 
or  ornaments,  its  analyses  are  of  iulerest  in  this  coouectiou,  a  ' 
the  following  are  here  added : 

fSmrttM-fnBv,.  t.  TtittxC 

2236  3.1-00 


Sio, 

68 -oa 

AlO, 

21-n 

SrO, 

FeO 

\ll 

MnO 

0-38 

WgO 

aaa 

GftO 

3-88 

Nk.O 

11-04 

K.O 

IF>. 

100-26 

0.=3'344 

100-6!!  99'S6 

O.=a.»S0  Q.=iib  a.=3-34SS 

Nob.  1  and  2  are  by  Damonr,  0.  Rend.,  Ixt,  1S6S,  p.  361 ;  3,  by 

Fellcnhcrir,  VtTh.  d.  s,-liwc-iz.  G.-s.  Solotliuni,  1H70;  4,  KokMcin. 
in  H.  Fischer'H  work  entitled  "  Neplirit  und  Jadeit,"  Stiitlf;an, 
1875,  p.  :tT5. 

Tb.  .U-  Siiussun-'s  p^ipiT  ill  wlii.-h  lif  siiivc  tb,-  iianu-  Sa>i.<.-,r;h 
f.  thf  ".liLdr"  wliii-li  bis  thlii.T  b:id  d.-s,Til.od  (ill  bis  \'nva^.'- 
dans  IfM  Alpt-s,  y,i\\-l  and  v,  Si:)l:i)  is  <-oiit;n.K-d  in  tlu^  .IimnMik-. 
dcs  Miiii-K,  xix,  -JOii,  180(i.  Further  study  will  prolmlily  result  in 
dividing  up  eupliotide  according  (o  tiie  kind  i>f  s:^u^sul■ite  jiresi-nt. 

>i.  On  LemoxKM  in  the  Xe<r  If.,„i/,Mr,'  JJiorUcs  .-  In-  <i.  \V. 
Ha^'Ks.  (l--r,.m  Mr.  (J.  \V.  llawcs's  H.-port  on  tlio  .MirK-i-al,.,'v 
and  LitholoKV  of  X.'w  ilaiii|,sliirr,)— In  tliis  .lournal,  voIuiiil-  xii. 
at  paire  i;)4,'  I  describi-d  <-t'it;iin  r.-liculati-d  apiiearanic>  in  tin- 
"<;r<-(-nst..n.-s"  of  New  Ibiiipsbirv,  as  probal.lv  ..f  ..rL'ani.-  ori.'iii. 
Tli>-s<-  f,.riiis  w(T<'  Die  result  of  a  spe,-ies  of  decomp..siLi,.n  \.< 
«bi<-li  titanic  iron  is  p.'culiMrlv  siibje.^t,  and  tlie  striiotur^- wa- 
produird  1.V  the  elea^ager,r  lamination  ..f  the  Miiiu'r;il.  Tlu' 
j.roduet  of  tlie  decoini.ositinii  is  a  irrayisii  white  siibst:inc.>.  tliu 
conuinsitioii  1)1'  wiiieii  is  not  well  estiililislied.  It  was  c;illeil  len- 
cox,.|ie   I.y(;anil.el.     Saiidberu:er  and  von  I-asaulx   re;j;ani   it  a; 

acid  and  the  lime  of  llie  liorzibleiide  and  lchls(iars.  Cabcn  sug- 
gests tli.nt  il  is  pure  titanie  aeid,  wliii-h  view  is  favored  iiv  Hosen- 
busch.  Hut  whatever  the  substance  may  be  proved  to  he,  the 
forms  observed  are  the  result  of  the  decomposition  of  titanic  aciJ.      i 
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7.  The  association  of  Pyroxene  and  Hornblende ;  by  G.  W. 
Hawes.  (From  Mr.  G.  W.  Hawes's  Report  on  the  Mineralogy 
and  Lithology  of  New  Hampshire.) — Though  any  material  capa- 
ble of  forming  pyroxene  may,  under  other  circumstances,  crystal- 
lize in  the  form  of  hornblende,  yet  when  the  two  species  are  so 
associated  as  to  indicate  their  formation  under  the  same  circum- 
stances, chemical  composition  must  determine  the  species.  This 
intimate  association  of  the  two  minerals  is  frequent  in  certain 
eruptive  rocks,  and  some  New  Hampshire  diorites  furnish  very 
marked  examples  in  which  both  species  are  well  crystallized. 

The  following  analyses  of  associated  pyroxene  and  hornblende 
from  Edenville,  N.  Y.,  at  which  place  material  in  a  state  of  purity 
can  be  obtained  for  analysis,  were  made  for  the  purpose  of  dis- 
covering what  chemical  differences  had  affected  the  crystalliza- 
tion.    The  following  were  the  results : 

Hornblende.  Pyroxene. 

Silica 42-97  51-05 

Alumina 11-90  2-02 

Iron  sesquioxide 3  08  1-30 

Iron  protoxide 13-84  12-18 

Manganese  protoxide -48  '12 

Magnesia 11-49  10-02 

Lime 11-63  22-07 

Soda.. 2-73  

Potash -88  

Ignition -38  -34 

99-38  99-10 

The  association  of  pyroxene  and  hornblende  has  been  noticed  by 
vom  Rath  in  the  Vesuvian  lavas,  where  they  were  formed  by  sub- 
limation. (See  Pogg.  Ann.  Band  Erg^nzuug,  vi,  229.)  The  analy- 
ses were  imperfect  on  account  of  the  small  amount  of  material,  but 
it  is  interesting  to  observe  that  they  show  the  same  differences ; 
that  is,  the  hornblende  contains  a  larger  percentage  of  alumina,  a 
smaller  of  lime,  and  some  alkali  which  is  absent  in  the  pyroxene. 

8.  Die  Mineraliensaminlvng  der  JCaiser-Wilhems-Universitdt 
Strassburffj  ein  Supplement  zu  den  vorhandenen  mineralogischen 
HdndbUchern  von  P.  Groth.  271  pp.  4to,  with  six  plates.  Strass- 
barg,  1878  (Karl  J.  Trtlbner^.— Professor  Groth,  during  his  six 
years'  connection  with  the  University  at  Strassburg,  has  succeeded 
in  bringing  together  a  mineralogical  collection  which  ranks  very 
high  both  as  regards  the  number  of  specimens  and  their  individual 
excellence.  The  catalogue  which  he  has  recently  published  con- 
tains the  results  of  a  very  minute  study  of  the  collection,  giving  a 
description  of  each  specimen  with  its  locality  and  a  determination 
of  the  form  when  crystallized.  The  work  contains  much  that  is 
new  and  valuable,  and  in  some  cases,  as  for  instance  manganite, 
the  description  is  in  fact  a  monograph  of  the  species  giving,  many 
new  planes  with  a  large  number  of  figures.  The  volume  is  thus 
a  valuable  contribution  to  mineralogical  literature.  e.  s.  d« 
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B,  Mineralogiaehe  Mid  Petrof/rtythmJie  MitUtrilungen,  faeraii» 
gegeben  von  G,  Trchebhak.  New  Beries,  vol.  i,  Vieuna,  18je, — 
Tfc  "Mineralogieche  MittbeiluDgen,"  wbich,  under  the  editorship 
of  Professor  Tschvmiak,  have  appeared  sinoe  1871  in  coDtiection 
with  the  publiciitions  of  tbe  Auatrisn  "  Geologiscbv  Reiebsan stall, 
have  occnpied  an  imporlant  place  among  mineral  ogical  puhlica- 
tinne.  With  the  present  year  a  new  series  has  been  commenced. 
Mid  in  future  the  Jonnial  will  be  published  independently  in 
yearly  volnmes  of  aii  numbers  each.  Its  scope  is  al  the  same 
time  enlarged  both  as  regards  original  articles,  and  in  tJie  sammary 
civen  of  mineralogioal  work  published  elsewhere,  which  forms  an 
important  part  of  each  number.  Its  usefiiineBs  will  be  much  in- 
creased by  the  change,  r.  t^  d. 
10.  line/ notices  of  some  recenUy  deeorHed  mincrah : — 
F¥ifmt^  Occurs  in  dark-brown  orthorbombic  crystals  with  per- 
fect basal  cleavage;  translucent  and  aectilc.  H.=:2-3,  G.^4217. 
An  analysis  gave  S  37-4,  Afj  20-1,  Fe  .')3-0=09'5,  for  wbich  the 
formula  Ag,Pe,,S^,  is  obtamed.  It  is  very  closely  related  to 
etcmbergite  both  in  crystalline  form  and  in  compoeition,  and  the 

Eropriety  of  giving  it  a  new  name  may  well  be  questioned, 
ucality,  Joacnimslhal  in  Bohemia. — (Vrba,  Zeitschrift  fttr  Kry»- 
tallographie,  ii,  153). 

inbbertite.  Oeeure  as  a  loose  (Kiwdcr  of  a  lemon  yellow  color 
imbedded  in  purple  kammererile.  The  percentage  com|KU»itioc 
obtained  for  it  after  the  dodnction  of  tJie  kammererite,  from  which 
it  ocmM  not  be  entirely  separated,  is  as  follows : — CaO  36*46,  HgO 
<iii-T,5,  FeO  :i-2a,  .MiiO  0-,i8,  VO.,  2544,  11^0  I5':n.  Tbc  name  is 
given  only  provisionuUy,  us  (be  cbaracter  of  tliu  mineral  is  not  vet 
established.  Localilv,  Island  nf  rr.st  (rSbutl.nnd  Isk-s).— (lleddl.-. 
Mincralogical  Miij^a/iiU',  ii,  21), 

Jl.dUte.  A  soft  velvct-bliK-k  niinera!,  wirli  a  dull  wuxy  Instor. 
It  occurs  fillinj,'  ciivitit-s  in  llic  biisalt  of  Ciniiiuoncv  Il'ill,  u,ar 
lielfiist,  Ireland.  An  an.ilysisaftur.lc-d  :— SiO^  ;iff4:},  AIO3  lOSii, 
FeO^  2(i'72,  I'VO  ;(■«!),  Vl^'O  7-47,  CaO  4-4B.  II^O  l:i-01,  CO., 
]\IiiO,  tr.z=m--il.  It  swnis  to  Ije  iillied  to  delessito.— (ilnrtliiiau, 
Natnre,  Si'pt.  r.,  1878). 

SliUzit.'.  Observed  in  Iciid-srray  hii,'lilv  modified  irvstals  on  a 
specimen  of  .rulil  from  Transvlvani.-i  ([irnl.abiv  Nuyvag).  Tlio 
crvstnlw  arc  refiTrwl  10  ibc  monoclinic  systein.  tln.nV'h  the  svni- 
mitrv  is  closclv  that  <.f  the  lii'X:igoii:il  svsiem.  t'onlaiiis  t.-llnnum 
.and  ;i  liiL'b  iieiVcntatre  of  silver,  llie  coT)Ji"isitLoti  bciriii  piob;il>lv 
expressed  bv  llio  formula  Ati/rer^ti'llurium  22-5,  Silver  77-5. 
The  ervHtali'ine  f..rni  is  elo^clV  related  to  that  of  dvserasite  and 
chnli^ocile.— (Sehraui;  Zeils<-liillt  fijv  Krvslall..i:r:iiiirie,  ii.  24:i,| 

Pxtttdobro-f^it-:  Oci-tirs  in  miimte  taKiilav  .-ry^tnls  beloiiL'iiii 
to  the  orlhorhonibie  svi^leiii;  <leavu<:o  brarlivdiagi.rKil  distinct. 
II.=6.  G.=4-e«.  folm-  ilark-i^'own'to  iro.^bbu-k,  hnt  in  llie 
thinnest  crystals  brown  to  red,  transluceiK,  Lusler  !iilainaiitim> 
An  analysis' aftorded  TiO^  52-74,  KeO^(Al<>3  tr.)  42-29,  CaO  aiid 
MgO  4'28,  ignition  0-70 ;  according  to  this  tlie  mineral  has  tlie     I 
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same  composition  with  menaccanite,  from  which  it  differs  in  crys- 
talline form. — (Koch,  Min.  u.  Petr.  Mitth.  i,  1877.) 

Szaboite.  Occurs  in  minute,  exceedingly  thin,  triclinic  crystals, 
which  approach  the  form  of  pyroxene  quite  closely.  H.z=6  and 
above.  G.=3'505.  Color  hair-brown,  in  some  crystals  brownish  to 
hyacinth  red ;  opaque  to  translucent.  An  analysis  afforded : — 
SiOg  62-36,  ¥eO^  44-70,  (AIO3  tr.),  CaO  312,  MgO,  Na^O  tr., 
ignition  0-40.  The  mineral  is  more  or  less  closely  related  to 
babingtonite. — (Ibid.)  e.  s.  d. 

11.  Geology  of  New  Hampehire, — The  third  volume  of  this  Re- 
port, recently  issued,  contains  the  reports  of  W.  XJpham  on  drift, 
and  of  G.  W.  Uawes  on  mineralogy  and  lithology,  already  noticed, 
and  also  chapters  on  Glacial  Drift  and  on.  Economic  Geology,  by 
C.  H.  Hitchcock. 

The  Atlas  of  the  Survey  has  also  appeared  in  seventeen  sheets 
very  large  folio,  giving  the  topography,  views,  profiles,  sections, 
distnbution  of  glacial  phenomena,  and  maps  of  the  geology  as 
made  out  by  the  Survey.     The  coloring  is  well  done. 

The  Atlas  illustrates  several  interesting  points  in  the  geology 
of  Northern  New  England.  It  shows  that  the  region  of  Northern 
New  Hampshire  has  liOwer  Devonian  rocks  (Oriskany  and  Helder- 
berg)  just  east  of  its  eastern  boundary,  near  latitude  45°,  south  of 
Kennebago  Lake,  in  Maine,  the  age  of  these  rocks  being  proved 
by  their  fossils ;  that  to  the  westward  a  degree  and  more,  and  just 
north  of  lat.  46°  (45°  to  45°  20'),  east  of  and  near  Lake  Memphre- 
magog,  there  are  also  Lower  Devonian  rocks,  fossil  corals  being 
abundant  in  calcareous  beds  which  alternate  with  Helderberg 
slates  that  are  equivalents  of  the  Gaspe  sandstone ;  and  that  be- 
tween these  fossiliferous  areas  of  the  eastern  and  western  borders 
of  New  Hampshire,  over  Coos  County,  there  are  broad,  parallel, 
nearly  north  and  south,  belts  of  "  Calciferous  mica-schist,"  the 
"  Cods  group,"  the  "  Lyman  group "  and  the  "  Lisbon  group," 
besides  strata  of  clay  slate. 

The  Atlas  also  shows  that  the  usually  associated  Calciferous 
mica-schist  and  Co6s  group  extend  from  the  Lake  Memphremagog 
region,  southward,  along  the  Passumpsic  and  Connecticut  River 
Valleys,  the  western  border  of  New  Hampshire,  to  and  beyond 
tbe  southern  extremity  of  the  State ;  that  in  the  Connecticut  val- 
ley, one-third  of  the  way  to  the  south  extremity,  at  Littleton  and 
Lisbon,  there  occurs  a  Lower  Helderberg  (Upper  Silurian)  lime- 
stone, semi-metamorphic,  whose  age  is  determined  by  its  fossil 
corals  and  brachiopods,  and  near  by  are  Coos,  Lisbon  and  Lyman 
beds ;  and  at  the  south  extremity  of  the  State,  just  west  of  the 
southwest  angle,  there  is  again  Lower  Helderberg  limestone — that 
of  Bemardston — the  semi-metamorphic  beds  of  which  contain 
large  crinoidal  remains. 

The  writer's  obsei*vations  prove  that  the  Bemardston  limestone 
groap  *  embraces,  within  a  few  miles  northeast  of  Bemardston, 

♦  See  this  Journal,  III,  xiv,  379,  1877. 
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mica  and  hornblende  schiKts,  Btaarolitic  bcMsi,  quartzyte  and  other 
rucks,  all  lying  coiifonnably  and  alternating  with  one  another; 
and  tliat  these  roi-kx  are  Kimilnr  in  lithnlogical  character  to  the 
mipa  and  hornblende  scliists  and  quartzyte  of  the  valley  to  the 
north  ;  and,  that  part  of  them,  aa  Professor  Hitchcock  asserte,  are 
identical  with  his  Cous  tilates,  indeed,  so  closely  identical  that  the 
Bernardaton  mica  schist  is  made  by  him  CoOs.  The  latter  has 
Btikttul  also  that  tbe  Culciferoue  mica  sehist  b»lougs  with  the  Coos, 

In  view  of  tbeM'  facts  th<>re  is  little  reason  to  doubt  (1)  that  the 
region  of  New  Hampshire  in  its  large  northern  portion  across  from 
east  to  weet  is  of  Lower  Devonian  and  Silurian  age;  (2)  that  south 
of  Lake  Memphremagog,  along  the  Paseumpsic  and  Connecticut 
valleys  down  to  MaSHachnaelts  (if  not  fartner),  the  roelo  are  of 
Lower  Uelderberg  age  and  perhaps  partly  of  Lower  Devonian; 
that  thus  New  Hampshire  baa  Paleozoic  formations  not  older  thaa  I 
Cppcr  Silurian  on  its  northeastern,  nortbem,  and  all  its  westen  I 
borders;  and  that  the  White  Mountain  region  occupies  the  spaM-'l 
between, — Mt.  Wa&bington  being  not  twenty  miles  east  of  Little*'! 
ton.     These  conclusions  are  those  of  Sir  William  Logan's  geolo^  t 
eal  map.*  '' 

As  to  the  geologiual  age  of  the  region  of  the  Wlitte  Mounttuns 
and  that  south  of  it,  the  map  gives  uothing  definite.  Profe#aor 
Hitchcock's  report,  (the  closing  pages  of  vol.  II)f  makes  the  Beth- 
lehem gneiss,  the  Lake  Winnipiaeogee  gneiss  and  the  porphyriljc 
gneiss,  Laurentian  J  the  Mtmtaiban  acbistB  (pioa  Mhiate,  etc,  of 
(he  While  Mountain  region)  TTppi-r  Laurentinn ;  and  the  Lyman 
uiirl  l,i-.l".n  L'niiij,^,  aiul  til.'  hnnibli-n.U^  s,-lii^-t  lo.-miLti.ni,  llnr."ni;iii, 
liill,CM.;i!^r-ai.d-«c^t>^c.'ti<.iiiKTn><stheSt:,t.'bptiu.cntlii'i.:»nillelsof 
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and  therefore,  whether  Laurentian,  Huronian,  or  whatever  the  age, 
the  sections  afford  nothing  to  sustain  the  conclusions  as  to  age, 
based  on  the  lithological  characters  of  the  rocks,  put  forth  in  Pro- 
fessor Hitchcock's  Report.  The  evidence,  as  it  stands,  is  strongly 
in  favor  of  making  the  Coos  and  Caiciferous  mica  schist,  with  the 
Lisbon  and  Lyman  groups  and  the  Hornblende  schist,  of  the  age 
of  the  Lower  Helderberg,  if  not  also  partly  Upper  Helderberg. 
It  leaves  the  age  of  the  gneissic  rocks  wholly  undetermined. 
There  is  as  yet  no  good  evidence  as  to  the  existence,  or  not,  ot 
Laurentian  or  Huronian  rocks  in  New  Hampshire.  j.  d.  d. 

12.  Manual  of  Mineralogy^  by  Jamks  D.  Dana. — A  new,  and 
mostly  rewritten,  edition  of  this  small  Manual  of  Mineralogy  will 
be  published  by  Wiley  <fc  Sons,  New  York,  in  November. 

in.  Botany  and  Zoology. 

1.  Ueber  apogame  Fame  und  die  Erscheinung  der  Apogamie 
im  aUgemeinen ;  by  A.  de  Bary.  Botaniache  Zeitung^  July  19th, 
1878,  et  seq. — The  article  boaring  the  above  title  contains  the 
substance  of  the  address  made  by  Professor  De  Bary  at  the  annual 
meeting  of  Grerman  naturalists  held  in  Munich  in  the  autumn  of 
1877,  and  the  results  of  his  observations  on  the  non-sexual  repro- 
duction in  ferns  as  iirst  described  in  the  Hotanische  Zeitung  of 
1874.  In  the  last  named  paper  [by  Dr.  Farlow],  it  was  shown 
that,  in  some  cases,  the  prothalli  of  Pteris  Cretica^  instead  of  the 
usual  growth  from  a  fertilized  archegonium-cell,  produced  ordi- 
nary buds,  from  which  the  new  fern  plant  developed  without  any 
sexual  action  whatever.  The  observations  now  published  by  Pro- 
fessor De  Bary  were  made  with  the  intention  of  ascertaining  more 
in  detail  the  frequency  with  which  the  non-sexual  mode  of  repro- 
duction occurred  in  ferns,  and  its  relation  to  similar  processes  in 
other  groups  of  the  vegetable  kingdonL  He  found,  on  sowing 
the  spores  oi Pteris  Cretica^  obtainedboth  from  cultivated  plants  of 
thai;  species  and  from  forms  which  grew  wild  in  Italy,  that,  in  all 
cases,  the  prothalli  produced  only  the  non-sexual  buds  to  which 
he  gives  the  name  of  "Farlowsche  Sprossung."  In  the  few 
cases  where  antheridia,  archegonia,  and  the  normal  embryonic 
development  apparently  occurred,  he  found,  by  watching  the  fur- 
ther development  of  the  fern,  that  the  prothalli  were  not  those  of 
Pteris  Cretica,  but  came  from  the  spores  of  other  species  which 
had  accidentally  found  their  way  into  the  cultures.  Of  the  differ- 
ent species  studied  by  De  Bary,  in  thirty-four,  exclusive  of  varie- 
ties, only  the  normal  development  by  embryo-formation  in  the 
central  cell  of  the  archegonium  was  observed  ;  in  three,  Aspidium 
IfUw^maSj  var.  criatatum^  Aspidium  falcatum^  and  Pteris  Cretica^ 
only  the  non-sexual  budding.  The  prothalli  of  Pteris  Cretica 
may  or  may  not  contain  antheridia.  When  present  they  have  the 
■ame  structure  as  in  the  typical  Polypodiacece,  In  by  far  the  major- 
ity of  cases  there  are  no  traces  of  archegonia,  even  in  a  rudimen- 
tary condition.  Out  of  hundreds  of  cases,  only  seven  were  found 
with  archegonia,  and  they  all  aborted.     Aspidium  JF\(i»-nxaft  "^t- 
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fectly  resembles  Pteris  Cretiea  in  the  diBtribtitioo  of  antberidia 
and  arcbegonia,  but  in  Aspidium  fulcatum  »rchcgonia  occarrvd 
ill  at  least  35  or  30  per  cent  of  tbe  prothallL  Altbougb  in  the 
casus  observed  they  had  all  aborted,  De  Baty  thinks  it  jjossible 
that  casea  may  occur  in  which  tbe  normal  embryo-fonnation  takes 
place,  which  U  hardly  iiosaible  tri  tbe  two  species  first  named. 

The  huddinK  ))roei:ws,  in  all  three  cases,  consistB  in  the  fonna- 
tion  of  a  protuberauce  on  the  under  surface  of  the  protballas,  from 
which  grow  a  first  leaf,  root,  and  stem^bud,  as  in  the  Donnal 
embryo-formation,  although  their  relative  position  and  date  of  de- 
velopment varies.  The  protaberance  ia  generally  found  just  back 
of  the  NOUS,  where  tbe  fertilised  archegonium  nornjally  occors. 
VariatioMS  were  seen  in  which  the  first  leaf  grew  from  the  upper 
surface  of  the  prothallus  and,  at  times,  two  leaves  were  produced, 
ODD  on  tbe  upper  and  one  on  the  lower  surface.  Secondary  forms 
may  be  produced  u|>on  elongations  of  tbe  lateriil  lobes  of  the  prothal- 
lus.  Some  of  tbe  more  peculiar  forma  are  figured  in  the  plate 
whicli  accompanies  the  article.  In  the  three  species  nn<ier  consid- 
eration, as  the  normal  nproductiou  by  an  embryonal  growth  haa 
been  lost,  and  another,  non-sexual  form  of  reproduction  ba.<i  taken 
its  place,  we  may  infer  that  they  have  descended  from  some 
ancestral  form  in  which  tbe  sexual  mode  of  reprodaction  exist«d. 
This  is  illustrated  by  the  caae  of  Aapidujn  J^lix-mas,  var.  criatO' 
turn  wbieh  is  undoubtedly  derived  from  the  typical  Aapidium 
IfMwB-maa,  in  which  only  sexual  reproduction  is  known.  If,  hcnr- 
ever,  we  adopt  the  view  recently  advanced  by  Pringshetm,  that 
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In  Funkia  and  Allium  fragrans^  in  the  seeds  in  which  Strass- 
burger  discovered  adventive  embryos,  we  have  something  similiar 
to  the  apogamous  ferns ;  first,  in  the  presence  of  apparently  regu- 
larly formed  but  functionless  female  organs  ;  secondly,  in  the 
presence  of  apparently  active  pollen,  and  thirdly,  in  the  substitu- 
tion of  adventive  embryos  for  the  regular  embryo-formation. 
Citrus  and  Codehogyne^  in  which  Strassburger  also  found  adven- 
tive embryos,  probably  belong  to  the  same  class  as  AUium  and 
Funkia^  as  may,  also,  species  like  Euonynuss  latifoliuSy  many 
ArdisicB,  etc.,  in  which  polyembryony  often  occurs.  To  these  are 
to  be  added  the  numerous  species,  varieties,  and  races  of  culti- 
vated plants  which  rarely  produce  seeds,  but  instead  have  a  cor- 
respondingly richer  reproduction  by  shoots.  If,  as  seems  tolera- 
bly certain,  sexual  reproduction  is  requisite  to  the  constant 
propagation  of  species,  we  must  regard  apogamy  as  a  degenerate 
condition,  in  which  the  conditions  of  propagation  are  unfavorable. 
In  this  connection,  however,  we  must  not  overlook  the  fact  that 
in  species  with  budding  or  non-sexual  reproduction,  this  offspring 
is  produced  in  surpassing  profusion.  w.  g.  f. 

2.  ToDARO,  Relazione  svUa  Cultura  dei  Cotoni  in  Italia^  sequita 
da  una  Monograpia  del  Genere  Gossypium.  Rome  and  Palermo, 
1877-78.  287  pp.  oblong  4to,  with  atlas  of  12  colored  plates  in 
large  folio. — This  work  is  published  apparently  by  the  Italian 
Government,  as  an  illustrative  accompaniment  to  its  exhibition  of 
cotton  at  the  Paris  Exposition.  In  illustration  of  the  species  it 
rivals  the  monograph  of  the  late  Parlatore,  though  the  atlas  is  not 
on  BO  large  a  scale ;  and  the  letter-press  is  much  more  elaborate. 
Fifty  pages  are  given  to  the  account  of  Italian  cotton  culture  ;  the 
remainder  of  the  volume  to  a  monagraph  of  Gossypium,  and  the 
history  of  the  genus.  Prof.  Todaro's  views  of  the  species,  and  of 
the  extent  of  the  genus,  may  be  gathered  from  the  fact  that  he 
describes  fifty-two  species  and  mentions  two  other  uncertain  ones, 
under  four  sections,  that  he  includes  Thurberia  under  Eugoasyp- 
iunij  and  part  of  Fugosia  as  well  as  Sturtia  under  other  sections. 
The  former,  under  the  name  of  Gossypium  Thurheri  Tod.,  is  asso- 
ciated in  a  subsection,  Anomala,  with  a  Javanese  and  an  African 
species,  which  combine  the  habit  of  Cotton  with  narrow  involu- 
cral  bracts.  The  author,  indefatigable  as  he  has  been  in  compila- 
tion, was  not  aware  of  the  identification  of  Thurberia  with  the 
obscure  old  genus  Ingenhousla  ;  but  L  triloba  is  the  same  plant. 

A.  G. 

8.  7%€  Native  Mowers  and  Ferns  of  the  United  States  in  their 
JBotanicaly  horticultural,  and  Popular  Aspects ;  by  Thomas  Mee- 
HAN,  Professor  of  Vegetable  Physiology  to  Pennsylvania  Board 
of  Agriculture,  etc.  Vol  I.  Illustrated  by  chromolithographs. 
Boston:  Prang  &  Co.,  1878.  192  pp.,  platen  1-48.— The  first 
volume  of  this  work  being  now  completed  and  the  second  doubt- 
less in  progress  according  to  the  programme,  the  success  of  the 
large  undertaking  apparently  warranting  further  continuation,  it 
seems  due  and  proper  to  supplement  our  notice  of  the  beginning 
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of  the  work  (ia  voL  xv,  p.  72  of  this  JourDsl)  with  a  remark  or 
two  upon  the  completed  volume.  While  congratulating  the 
enterprizing  publiefaers  and  the  ardent  editor  upon  thtir  success, 
which  btisnres  a  full  continuance  of  tbc  pablication,  we  shall,  on 
tbifi  very  account,  freely  offer  any  criticifms  that  may  cundnce  to 
its  improvement.  "  Flowers  and  Kema  in  their  horticultural  asd 
popnlar  aBpectu"  do  not  here  concern  na.  We  dismiss  their  con- 
mderation  to  th«  horticultural  and  the  literary  press.  There  is 
much  to  intertfst  both,  and  the  plates  will  interest  and  aatisfy 
amateUTH  Generally,  and  more  critical  botanists  not  rarely.  Bnt 
the  botanical  aspects  an*  sometimes  taken  from  a  rather  high 
point  of  view,  ana  the  same  ma^  be  said  of  some  of  the  botanico- 
etymological  researches.  While  most  may  pass  without  grave 
dij4iJGnt,  there  are  morphological  and  etymological  Btatements 
which  we  would  be  sorry  to  have  set  down  as  specimens  of 
American  culture.  The  morphological  and  other  botanical 
points  to  which  exception  should  be  taken  may  pass  witb  this 
simple  caveat,  as  we  have  no  room  to  discuss  them,  and  to  botan- 
ists whom  we  address  there  is  tittle  need.  But  there  arc  two  bits 
of  philology  in  one  number  (the  sixth)  which  it  would  be  wrong 
to  pass  over,  being  very  characteristic  for  a  teudency  to  be  "  wise 
above  what  is  written." 

Sedurn  has  by  long  prescription  been  thought  to  be  derived 
from  SSdeo,  eeden,  to  sit,  as  on  rocks.  The  editor  of  the  work  in 
hand  devot«s  nearly  two  pages  mainly  to  the  recouaidentioD  of 
this  <tnestion,  and  comes  to  tTie  coTiolusion  that  aido,  to  assange,  is 
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5.  Der  Zoologische  Ameiger^  of  3.  V.  Caeus. — The  recent 
publication  of  the  Zoological  Record  for  1876,  of  the  Bericht  of 
Leuckart  for  the  years  1872-75  and  of  the  first  numbers  of  the 
Zoologische  Anzeiger  by  Carus,  naturally  suggests  an  examination 
of  our  methods  for  recording  progress  in  Zoology.  We  cannot 
expect  either  the  Jahresberichte  which  have  for  so  long  a  time 
formed  one  of  the  annual  volumes  of  the  Archiv  ftlr  Naturge- 
schichte,  or  Hofman  and  Schwalbe's  Jahresberichte,  or  the  Zoolog- 
ical Record  to  appear  early  enough  to  be  of  immediate  use  to 
specialists  in  the  course  of  their  investigations.  These  reports 
necessarily  date  back  so  long  that  they  can  only  be  an  indispens- 
able compendium  for  the  general  worker  who  wishes  to  take  up  a 
special  subject  or  see  what  has  been  done  in  the  general  field. 

Some  of  the  recorders  have  limited  their  task  to  a  strict  analysis 
of  the  publications  issued  within  the  time  included  in  their  record, 
while  others  have  added  to  this  a  running  commentary  and  a  more 
or  less  favorable  criticism.  This  seems  somewhat  superfluous,  for 
we  can  scarcely  expect  any  thing  beyond  the  most  limited  "  notice" 
in  the  space  at  the  command  of  the  recorders.  In  a  review  of 
the  last  Zoological  Record  in  a  late  number  of  "  Nature "  the 
recorders  are  all  taken  to  task  for  not  giving  greater  prominence 
to  Wallace's  "  Geographical  Distribution."  What  any  recorder 
can  find  to  say  in  the  space  at  his  disposal,  which  the  zoological  stu- 
dent has  not  found  out  long  ago  from  the  work  itself,  it  is  difficult 
to  see.  And  certainly  the  writer  of  the  notice  in  N  ature  hardlv 
expected  zoologists  to  obtain  their  first  information  of  its  publi- 
cation from  the  pages  of  the  Zoological  Record.  The  great  diffi- 
culty under  which  we  all  labor  is  to  obtain  early  information  of 
the  articles  appearing  in  the  publications  of  learned  societies. 
These  are  now  so  numerous  that  the  majority  of  our  public  insti- 
tutions receive  but  a  small  proportion  of  what  is  annually  pub- 
lished, and  what  they  do  receive  is  issued  irregularly  and  is  gener- 
ally from  six  to  eighteen  months  in  reaching  its  destination,  accord- 
ing to  the  distance  from  the  point  of  publication.  The  question 
naturally  arises :  cannot  a  system  be  devised  by  which  zoologists 
will  be  able  to  receive  by  mail  early  notice  of  all  that  is  going  on, 
and  thus  enable  them  to  make  special  efforts  to  obtain  what  they 
most  desire  ?  The  Zoologische  Anzeiger  of  Carus  seems  to  us 
to  meet  the  case.  If  working  naturalists  will  agree  to  send  to 
Professor  Carus  the  title  of  any  paper  they  publish,  the  moment 
it  \%  printed^  giving  in  a  few  words  also  the  table  of  contents  and 
the  usual  details  regarding  the  number  of  pages,  plates,  size,  and 
place  of  publication,  we  may  hope  to  be  kept  informed  of  all  that 
18  going  on  in  Zoology  without  needless  delay.  And  if  Professor 
Carus  could  be  induced  to  print  the  titles  on  one  side  of  the  page, 
these  titles  could  then  be  cut  up  and  arranged  systematically  or 
alphabetically  or  both,  and  no  one  need  remain  long  in  ignorance 
of  what  is  doing  by  others.  This  would  probably  necessitate 
giving  up  the  literary  notices,  but  with  the  large  number  of 
zoological  periodicals  now  issued  it  would  not  lessen  the  value 
of  the  Anzeiger.  a.  ag. 
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fl.  Note  <iw  floritiffn  of  a  Sponge  in  Ihtlian  MarbU  ;  l>y  A.  E. 
Vbkkill, — Some  very  latercsting  epecinieiiii  were  recently  pre- 
sented to  the  Peabody  Mueeam  of  Vale  College,  by  Dr.  1.  P. 
Trimble,  of  New  Vork.  These  are  fragments  of  white  Italian 
marble,  from  a  cargo  wreckerl  off  Long  Island  in  ISTl,  an<l  taken 
np  thiB  year.  The  exposed  portions  uf  the  slabs  are  tlioroaghly 
penetrated  to  the  depth  of  oue  to  two  inches  by  the  crooked  and 
irregular  borings  or  galeries  of  the  sponge,  Cliona  au^thiirta  V., 
BO  as  to  reduce  it  to  a  comnlete  honey-comb,  readily  crumbliDg  in 
the  fingers.  Beyond  the  oorings  the  marble  is  perfectly  soand 
and  nnalterd.  The  rapid  destrnction  nf  the  shells  of  oysters,  etc, 
by  the  boniigs  of  this  apoitge  has  long  been  familiar  to  me,*  but 
of  its  effects  upon  marnle  or  limestone  I  have  not  before  seen 
examples,  fur  calcareous  rcHiks  do  >iot  occur  along  the  portion  of 
onr  foaxt  whicli  it  inhabits.  Its  ability  to  rapidly  destroy  such 
rocks  might  have  a  practical  bearing  in  case  of  submarine  struo- 
tures  of  fimestone  or  other  similar  materials. 

7,  Ophiurid/f.  and  AatntphytideB  nf  tfte  GhfiU«nger  Erj>«dUioti, 
JPiirt  I.  By  Thkorokb  Ltman.  Bulletin  of  the  Maseam  of 
Comp.  Zoology,  vol  v,  No.  7.  Cambridge.  104  pp.  8vo.  10 
plates. — In  this  important  contribution  thirteen  new  genera  and 
ninety-six  new  §pecies  are  added  to  those  families  included  in  this 
parL  This  shows,  very  conclusively,  that  the  Ophiuroids,  as  a 
group,  are  largely  doep-water  forma.  The  new  species  are  well 
Siustrated  and  desciibtid  at  length.  The  new  genera  are  Ophi^ 
maahu,  Opftiopi/rffug,  Ophtoivitnu,  Ophiotroehiu,  Ophiophylhim, 

Ofh!iJ,t/r^„,  0,,>.!.,<-}u(.i,u  0}.h'<u;.w;.,-,  I'lj,hiu»rh<^.„>i.  '),,!,:.,- 
,,u:m,  .■:L<-b  with  •^^^•■  .j.iviiv- ;  iJphU.j.rn.lhn,,  < >j,l,;..j.,,r.  „,  .,iM 
<)phl.,h}^>»,  i-iicli  witli  iwo  spiTii's.     Of  kiioH-ii  ■zciH'iM,  IIktc  are 

dt-scTil'fl  of  t>,.ln;,ti;,.,  4  ^|ll■.■i(■s:  O/ihi-jhi/,!,'!,  '■'■r,  ■  <},.l,l,.,lui- 
«i'iw,\-l;    Oplfi':--rii„n^.   \\    0/-/(;-..r-H-.i,  4;'    '<>j.l,io.i,;,l,x  1.       v. 

8.  S./,...p..>.<.,,-  ff"'  l'.,.-'-'l-"i'l'-r  X'"-  A«7/"■'■^■  I'V  Kl.mi-nj> 
|{.  \Vii,suN,  Traris.  (■Miiiicctiriil  A.-adriiiv  uf  .\rls  nil. I  S,-ieiK-,'s 
vol.  V,  .\ii<:.  1W7M.  -in  \>\>.  svi,.  7  i.liiti's.'— Tht-  N.)mIi  Aii»Ti,-:iii 
I'v,Tio"oniiLi  IiiiVf  IiitlKTto  )v,viivd  viiy  littk^  ^ilU-nUon.      I>i  this 

LR.  ,l.-s<-ril>,.,l.  of   wliirh  ti>r 

v,nl:iii,lic  aii^l  North  Eur,^ 


"•h'p.'lle,u , 
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H.  Dall,  on  shells,  recent  and  fossil,  mostly  of  the  Pacific  coast ; 
several  by  Mr.  G.  Brown  Goode,  and  T.  H.  Bean  on  Fishes,  includ- 
ing a  number  of  additions  to  the  United  States  fauna ;  one  on  the 
fishes  from  the  Clackamas  River,  Oregon,  by  D.  S.  Jordan*;  on  the 
birds  of  Dominica,  by  G.  N.  Lawrence ;  a  review  of  the  American 
species  of  the  genus  ScopSy  by  Robert  Ridgway ;  on  the  voices  of 
the  Crustacea,  l>y  G.  Brown  Goode.  v. 

10.  Report  on  the  Hydroida  collected  during  the  exploration  of 
the  Gulf  Stream^  hy  L,  F,  De  Pourtales ;  by  Geo.  J.  Allman. 
Memoirs  of  the  Mus.  of  Comp.  Zoology.  Vol.  V,  No.  2.  66  pp. 
4to,  with  34  lithographic  plates. — In  this  work  a  large  number  of 
very  interesting  new  genera  and  species  are  described  and  pro- 
fusely illustrated.  The  total  number  of  species  is  seventy-one,  of 
which  sixty-four  are  desciibed  as  new,  the  remaining  seven  being 
regarded  as  identical  with  European  or  arctic  species.  The  Plu- 
tnularidm  are  particularly  numerous,  comprising  twenty-eight 
species,  of  which  twenty-six  are  new.  Seventeen  species  occurred 
in  less  than  fifty  fathoms ;  thirteen  between  fifty  and  one  hundred 
fathoms ;  sixteen  between  one  hundred  and  two  hundred ;  eight 
between  two  hundred  and  four  hundred ;  and  four  between  four 
hundred  and  six  hundred  fathoms.  v. 

V.  Miscellaneous  SciENTinc  Intelligence. 

1.  Report  on  Bridging  of  the  River  Mississippi  between  Saint 
Patdy  Minn,,  and  St.  Louis,  Mo. ;  by  Brevet  Major  General  G. 
K.  Wakrbn,  Major  of  Engineei*s.  232  pp.  8vo,  with  many  maps. 
Washington,  1878. — ^This  Report,  after  a  prefatory  chapter  on 
the  origin  and  nature  of  the  investigation  of  which   it  treats, 

fives,  m  Chapter  II,  a  general  account  of  the  Mississippi  and 
[innesota  River  Valleys,  with  maps  illustrating  the  former  drain- 
age of  Lake  Winnipeg  southward  through  these  valleys ;  and  in 
the  following  cliapters,  various  details  connected  with  the  sub- 
ject of  bridging  the  river.  The  larger  part  of  Chapter  II,  which 
has  great  geological  interest,  will  be  reproduced  in  another  num- 
ber of  this  Journal,  together  with  the  maps  which  relate  to  it. 

2.  Report  of  the  Survey  of  the  Oon7iecticut  River,  made  to 
the  Secretary  of  War,  by  Brevet  Maj.  General  G.  K.  Warren. 
144  pp.  8vo.  1878. — This  valuable  document  consists  mainly  of 
the  Report  of  General  Theodore  G.  Ellis,  who  had  charge  of  the 
work  under  General  Warren.  General  Warren,  in  his  prelimi- 
nary statements,  observes  that  the  velocity  observations  made  in 
the  course  of  the  survey  (numbering  at  Thompson ville  1,434)  con- 
firm fully  the  deduction  of  Humphreys  and  Abbott  (given  in  their 
T*hysics  and  Hydraulics  of  the  Mississippi)  as  to  the  parabolic 
form  of  the  curve  of  subsurface  velocities.  The  maximum  dis- 
crepancy between  the  requirements  of  the  Humphreys  and  Abbot 
formula  and  the  observations  is  only  seven-hundredths  of  a  foot 
per  second.  The  observations  are  given  in  detail  in  General 
EUis's  Report,  which  follows ;  and  as  they  were  made  with  great 
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care,  and  withoat  prejudice  in  favor  of  the  canclaitinn  reached, 
they  are  of  the  higheBt  imiiortanoe  io  the  departmeut  of  hydraulics. 
General  Ellis  aiao  gives  the  obeervationa  made  with  reference  to 
the  inoiilhly  and  annual  diBcharfi^  of  the  Connec;ticnt.  Thcee 
oheervatioiiB  wore  carried  forward  at  Hartford,  which,  although 
over  forty  mileK  from  Loug  Inland  Sound,  is  reached  by  the  tides, 
the  aiuoant  of  tide  at  the  lowest  water  being  about  ten  inches  in 
range.     This  discharge  for  the  ycur  1876  and  ISTT  was  as  follows: 

1876.  1877. 
MilUoDB  of  cubic  feeU       Uillions  of  cqIhc  feet 

January 79,»50  17,500 

B'ebruary 84,400  19,41)1 

March 93,860  95,263 

April 160,75«  110,247 

May... _ Ifi5,5'!l  46,874 

June 41,008  10,907 

July  - 22,018  26,476 

August 16,674  22,140 

September -   17,186  18,089 

October 16,930  31,772 

November _ 20,822  IBfiib 

December.-    17,156  4e,3S2 

700,291  618,261 

The  highest  known  freahet  on  the  Connecticut  below  Holyoke 
is  stated  to  have  occurred  in  May,  1864,   when  the  water  at 

Ilarttnrd  L'iUiL'e  stoml  twcntv-nine  fnct  ten  inches  ^Imho  |,,.v- 
wattT  murk.  The  next  lii.ijhesi  on  record— tluit  of  1801— carncil 
the  waters  uj)  to  twenlv-seven  feet  si\  inehes. 

The  reiun-l  e.i.il:,in>  :i'lso  tlie  results  f  hnrinsjs  near  llie  Conneeti- 
eiit  Kiv.T  (.'Jiiimiel  ;it  Hartford  and  to  the  norlli  up  In  twcntv-tive 
miles.  At  HarHunl  ami  Iivo-tliirils  of  a  mile  iioilh  the  de].l)i 
leaelie.l  \v:is  liftv  ieet  lielow  low  water  ;ind  in  the  latter  ^-as-v 
"iiani  red  marl"  was  sti  nek :  at  a  point  Iv^C  miles  north  of  Hart- 
ford, a  liorim;  of  90  feet  emled  in  elav  ;  2^ti>  miles  north,  one  of 
\T.VX  feet  reaehed,  prol.iiblv,  roek ;  at  :!-3T  milew  north,  rock  wa^ 
reached  in  21 -I  I  feet;  and  a't  4^  miles  north,  roek  w;is  ivaehed  in 
;u-8  feel. 

3.  Tnui.'flifth'ii  ..f  W.;hl„r.-I,\  Mc.-Ik, „!.■«.— 'VW  se.-ond  part  nf 
Vol.  II  of  this  trat'tslatioii  l,v  Professor  Dnllols  (I'vo,  viii  an-l  .V^H 
pp.),  conlaitis  a  full  disensMmi  of  llu-  important  snl.jeets  of  Heal. 
Steam  an<l  Steam  Kn^-lrus.  The  first  part  on  llv.iriiulies  and  Ih- 
dranli<'  .Motors  aj-peareil  ahonl  a  year  a;;.,  (this  JonrTial.  \v,  7-). 
Xnmerous  ad,lili<ms  to  the  oji-:iMal  work  have  Ix-en  niade  in  th.- 
form  of  notes.  These  are  larijelv  hv -Mr.  Kieli.ard  H.  linel.  an.l  aiv 
f-iven  in  order  to  complete  Hie  'wofk  it)  those  direetions  in  wl,i,li 
there   lias  been    recent    pro.irress,   and    to   a.iaj.t   it    moie   fnliy   t.. 

The  third  and  final  vohim,'  of  Professor  Weisbaeh's  t;reat  work 
Is  n..w  niideriroing  tli.Monjrli  revision  in  (u-rniany  l.\  IVofrv-.r 
Hermann,  and   its  translation  will  be  issued  by  the   publisher! 
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(Wiley  &  Sons)  about  the  time  of  the  completion  of  the  German 
revision. 

4.  Report  of  the  Superintendent  of  the  Coast  Survey^  showing 
the  progress  of  the  Survey  during  the  year  1875.  412  pp.  4to, 
with  thirty  charts. — Among  the  twenty  Appendices  may  be  men- 
tioned :  Report  on  Mount  Saint  Elias,  Alaska,  bv  Wm.  FI.  Dall ; 
No.  11,  Report  on  recent  observations  at  South  f  ass  Bar,  Missis- 
sippi River ;  Discussion  of  Tides  in  New  York  Harbor,  by  Whl 
Ferrel ;  Report  on  the  Transit  of  Venus  Expedition  to  Japan, 
1874,  by  George  Davidson;  Report  on  the  Transit  of  Venus  Ex- 
pedition to  Chatham  Island,  1874,  by  Edwin  Smith;  Terrestrial 
Magnetism,  Instructions  for  magnetical  observations,  by  C.  A. 
Schott. 

6.  Eleventh  Annual  Report  of  the  TVustees  of  the  Peabody 
Museum  of  American  Archceology  and  Ethnology,  Presented  to 
the  President  and  Fellows  of  Harvard  College,  September,  1872. 
Vol.  II,  No.  2.  458  pp.  8vo.  Cambridge,  1878. — This  Report 
contains  several  memoirs  of  special  value.  The  first  is  a  Second 
Report  by  C.  C.  Abbot,  on  the  "  implements  found  in  the  Glacial 
Drift  of  New  Jersey,  occupying  over  30  pages.  This  is  followed 
by  others  on  Cave  Dwellings  in  Utah,  Manufacture  of  soapstone 
pots  by  the  Indians  of  New  England,  ArchsBological  explorations 
m  Tennessee,  and  other  papers  of  great  interest. 

6.  A  History  of  the  Growth  of  the  Steam  Engine  ;  by  R.  H. 
Thubston,  A.M.,  C.E.  490  pp.  8vo.  New  York,  1878.  (D. 
Appleton  &  Co.,  International  Science  Series.) — A  thoroughly 
readable  and  instructive  discussion  of  a  most  interesting  subject. 
The  concluding  chapter  on  the  "  Philosophy  of  the  Steam  Engine" 
gives  a  concise  statement  of  an  important  branch  of  thermody- 
namics in  accordance  with  modem  principles. 

7.  Elementary  Quantitative  Analysis ;  by  Alexandbb  Clas- 
SBX,  Professor  in  the  Royal  Polytechnic  School,  Aix  la  Chapelle. 
Translated  with  additions  by  Edgae  F.  Smith,  A.M.,  Ph.D.  328 
pp.  8vo.  Philadelphia,  1878.  (Henry  C.  Lea.) — In  this  work 
the  methods  of  separation  required  in  quantitative  analysis  are 
taught  by  means  of  examples.  The  directions  for  the  successive 
steps  in  each  analysis  are  given  with  care  and  minuteness,  and  will 
be  found  of  great  value  to  the  student. 

8.  The  American  Quarterly  Microscopical  Journal^  containing 
the  Transactions  of  the  Neio  York  Microscopical  Society,  VoL 
I,  No.  I.  82  pp.  8vo. — The  first  number  of  this  new  scientific 
Quarterly,  issued  under  the  auspices  of  the  New  York  Microscop- 
ical Society,  bears  throughout  evidence  that  the  Journal  will  be  a 
valuable  record  of  new  discoveries,  memoirs,  and  works  in  the 
science  to  which  it  is  devoted.  It  contains  papers  by  J.  D.  Hyatt, 
H.  L.  Smith,  F.  B.  Hine,  W.  H.  Seaman,  W.  T.  Belfield,  W. 
LiGHTON,  E.  Peiicival  Wright,  besides  miscellaneous  notices  and 
reviews,  and  is  illustrated  by  seven  excellent  plates.  We  com- 
mend the  Journal  strongly  to  all  who  are  interested  in  scientific 
discovery  and  progress.     A  very  large  part  of  this  progress  in 
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recent  yenre  has  oomo  through  microBcopic  investigation  and  the 
Bame  Hoiircc  still  continues  to  be  proline  in  the  profoondest  of 
(liscoverieB, 

MtSnMiireH  Biir  lea  TerrainB  Oretau*  et  Tartiaires  nreparea  par  feii  A\D&i 
DmoKT,  pour  servir  4  la  doHcriplion  de  la  Corto  GeoloKique  de  la  Belgique. 
ediUs  pur  SIichel  Modkloh,  Conservatour  au  Muse^  d'Hist,  Nat.  Tome  n 
Terrrains  Tertisires,  Premiere  Patrie,     440  pp.,  6vo.     Brurclli-s,  1818. 

TiioMAB  ISklt.— Mr.  Thomas  Belt,  F.G.S.,  of  London,  England, 
died  in  Kansas  City,  Missouri,  on  Saturday,  September  28.  Mr. 
Belt  had  been  for  some  time  past  actively  at  work  in  Colorado, 
looking  after  the  mining  int«rest«  of  some  English  company. 
Dnring  the  same  time  he  has  made  some  interesting  notes  of  the 
Drift  of  that  Htate,  and  in  a  letter  to  the  writer  in  August,  he 
informed  Mm  of  the  discovery  of  a  skull  of  a  human  being  in  the 
Drift,  the  details  of  which  he  was  engaged  in  studying  and  work- 
ing ouL  tie  was  eugageii  iu  preparing  a  paper  to  be  presented 
to  the  American  Assoeiation  at  the  ISt.  Louis  meeting,  on  the 
subject  of  the  above-named  skull,  but  did  not  complete  his  study 
in  time.  He  has  written  many  valuable  papers  on  geology, 
especially  on  glaciers,  and  also  au  interesting  volume,  entitled 
"Tlie  Naturalist  in  Nicaragua,"  continued  the  result  of  his  olwter- 
vations  of  over  two  years  in  that  country.  One  of  his  papers  ia 
on  the  retrocession  of  Niagara  Falls. 

Aboat  two  weeks  previous  to  his  death  he  had  ehowti  si^s  oC,^ 
insanity,  and  it  was  thought  best  to  remove  him  to  New  roA.  — 
Mr.  Slliis  Llovil,  wliu  had  )>f.-ii  ii.r  a  slmrt  liiiK'  associati'd  with 
liim,  iic-compi.iiied  iiim.     Just  befnru  iirriviu'i  :U  Kansus  (.'ity,  Mr. 


.  .\s-n.:v;  M,  K.  Qi-f.fkt.kt;  Tft..m.\s  (iui-urt.  -Astrou 
■wnllvh'st  srvi-nil  iiliir  nifii  bv  d(Mlli.  One  nt  tli.-s. 
.  votj  Asiun,  «)io  Wiis  iitl.'ichcd  t.>  tlu-  I'lilknwa  OI.s.t 
.i  who  has  .■anicd  L,n  tijf  .liscussioii  ..t  ihc  ..b^.■r^a^i,ln: 
of  Kn.-kcV  cniii,.!  >iiic,-  I'rutV-ssnr  ^TU-k.-'s  d.-atll.  H. 
ist  1.0th,  at  Kiel,  a^'i'd  :tii.  Aiiotlna-  loss  is  that  .v 
ti'ha  "ri  thi'  lith  c.t  Sopt.,  ill  I\f!!fs  at  llif  a.^'o  of  .i;i 
ssislunt  at  the  liriii^si'ls  Ol.siTvalory  for  mnrc  thai 
lis.  the  ilircitinn  .>f  whirli  prai'licallv  Vfll  on  him.      Oat 


Dr.  \\  ia;sr  IlKiMti.'ii  I'kikrm.vn.— Dr.  .A.  II.  I'ktkrmavx,  ih 

Jviuiivd  yf..g>aplH-r,  and  <'ditor  or  tijf  -' Milthciluiig<.n,"  died  -i 
iiolha,  Germany,  on  the  27th  of  September,  at  the  agt-  of  tifty-si.i 
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Art.  XLIY. — Principal  Characters  of  American  Jurassic 

Dinosaurs ;  by  Professor  0.  C.  Marsh. 

Part  L     With  seven  Plates. 

On  the  flanks  of  the  Eocky  Mountains,  a  narrow  belt  of 
strata  can  be  traced  for  several  hundred  miles,  marked  always 
by  the  bones  of  gigantic  Dinosaurs.  Its  position  is  above  the 
characteristic  red  I'riassic  beds,  and  immediately  below  the  hard 
sandstone  of  the  Dakota  group.  Hayden,  Cope  and  others  have 
regarded  this  horizon  as  Cretaceous,  but  the  abundant  verte- 
brate remains  now  known  from  it  prove  its  Jurassic  age 
beyond  a  reasonable  doubt  The  writer  examined  a  typical 
outcrop  of  this  series,  on  the  western  slope  of  the  mountains  in 
Wyoming,  in  1868,  and  determined  it  to  be  Jurassic ;  and  he 
has  recently  named  the  series  the  Atlantosaurus  beds,  from  the 
most  striking  vertebrates  they  contain.  The  strata  consist 
mainly  of  estuary  deposits  of  shale  and  sandstone,  and  the  hori- 
zon is  clearly  upper  Jurassic,  as  shown  in  the  accompanying 
section  (Plate  IV.)* 

Besides  the  Dinosaurs,  which  are  especially  abundant,  num- 
erous remains  of  Crocodilia  {Diplosaurus\  as  well  as  Tortoises 
and  Fishes  (6feratodw5),  have  been  found,  and  with  them  a  single 
Pterodactyle  {Pitrodactylus  montanus),\  The  small  Marsupial 
{Dryolesies  priscus)  recently  described  by  the  writer  was  dis- 
covered in  the  same  beds.:j: 

The  remains  of  Dinosauria  in  this  series  of  strata  are  mostly 
of  enormous  size,  and  indicate  by  far  the  largest  land  animals 
hitherto  discovered.  Atlantosaurus  immanis  must  have  been 
at  least  eighty  feet  in  length,  and  several  others  nearly 
equaled  it  in  bulk.  With  these  monsters  occur  the  most 
diminutive  Dinosaurs  yet  found,  one  of  them  {Nanosaurus) 
being  about  as  large  as  a  cat  The  herbivorous  Dinosaurs  now 
known  from  these  beds  are  of  special  interest,  and  represent 
two  distinct  groups,  the  more  important  characters  of  which 
are  given  in  the  present  article. 

*  This  section  was  especially  designed  to  illustrate  an  Address  by  the  writer,  on 
The  Introduction  and  Succession  of  Vertebrate  Life  in  America.  This  Journal, 
▼ol.  xiv,  p.  33T,  Nov.,  1877. 

{This  Journal,  voL  zr,  p.  233,  Sept.,  1878. 
This  Journal,  vol  zv,  p.  412,  June,  1878. 
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Saukopoda. 
A  well  markfU  group  of  gigantic  Ditiijsuurs  from  the  above 
horizon  has  been  cbanictoriiied  by  the  writer  as  a  diaiinct 
family,  Allanlosaurtdte,  but  tbcy  ttiffor  so  widuly  from  typical 
Dinomuria,  thut  they  belong  rutlier  in  a  suborder,  which  may 
be  called  Sauropoda,  from  the  general  clinracler  of  the  feet 
They  are  the  least  specialized  of  the  order,  uiid  in  some  charac- 
ters show  such  approach  to  the  Mesozoic  Crocodiles,  aa  to  sug- 
gest a  common  ancSHtry  at  no  very  remote  period. 

IThe  most  marked  characters  of  this  group  are  as  follows 
1.  The  fore  and  hind  limbs  are  nearly  equal  in  size. 

2.  The  carpal  and  tarsal  bonea  are  distinct 

3.  The  feet  are  plantigrade,  with  five  toes  on  each  foot. 
4  The  precaudal  vertebrte  contiiin  large  cavities,  apparentlj^ 

pneumatic. 

6.  The  neural  arches  are  united  to  tbe  centra  by  suture. 

6.  The  sacral  vertebrie  do  not  exceed  four,  and  each  suppofti 
its  own  transverse  procesa. 

7.  The  chevrons  have  free  articular  extremities. 

8.  The  pubea  unite  in  front  by  ventral  symphysis. 
V  9.  The  third  trochanter  is  rudimentary  or  wanting. 
I     10.  The  limb  bones  are  without  medullary  cavities. 

Of   this  suborder,  Savrapoda,  four  genera  are  well   repi» 
sented  in  the  Museum  of  Yale  College,  and  others,  apparently 
"■    '  ■.-...  -  .  ■  ij.^.  ,||^^| 
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.l/,»™o»™,.,  JIur»li,  1»7S. 
'I'lie  head  in  this  ^■enu!.  »iia  verv  small.     Tlio  skull  sliows  in 

its  li.Ne:l    i|nailrales  and    .some  other    features  a    r,-seuil>l e  h. 

that  in  the  Croeo.liles.  The  lauii  of  the  lower  jaw  are  net 
uuiteil  hv  svniphvsis.  The  teeth  are  nunn-riuw,  auii  their  Lene 
oral  fornris'shoivn  iu  Plate  V,  lieures  1  an.l  i.  The  ueek  was 
eloue.-ile.l,  an.l,  .■.•iee|it  the  atlas,  all  the  eervieal  vertel.ra-  have 
flcepeavities  in  the  sides  of  tin.'  eenlra.  similar  to  those  iu  lunls 
o(  lliffht.  (I'lale  V,  ligures  3  and  I.).  They  are  also  siron.-lv 
opistlioea'lons.  The  atlas  and  axis  are  not  aukvlosed  together, 
anil  the  eleuHuits  .J  the  atlas  are  disliuet.  The  supero-l.iteral 
pieces  unite  with  the  axis  Ipy  zygapopliyses,  (I'late  V,  tigure  4. ;). 
*  This  Journal,  liv,  pp.  87,  511;  iv,  pp.  241. 
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The  dorsal  vertebrae  have  elongated  neural  spines,  and  deep 
ivities  in  the  sides.  They  are  distinctly  opisthocoelous.  There 
"e  four  vertebrae  in  the  sacrum,  all  with  cavities  in  the  centra, 
heir  transverse  processes  are  vertical  plates,  with  expanded 
ids.  The  antenor  caudal  vertebrae  are  plano-concave,  and 
sarly  or  quite  solid.  The  tail  was  elongateo,  and  the  chevrons 
•e  similar  to  those  in  Crocodiles. 

The  scapula  is  elongated  and  very  large,  and  has  a  prominent 
iterior  projection.  The  coracoid  is  small,  suboval  in  outline, 
id  has  the  usual  foramen  near  its  upper  border.  These  two 
3nes  are  well  represented  in  Plate  VI,  nearly  in  the  relative 
3sition  in  which  they  were  found.  The  humerus  is  very 
,rge  and  massive,  and  its  radial  crest  prominent.     This  bone 

nearly  solid,  and  its  ends  were  rough,  and  well  covered  with 
irtilage.  This  is  true  also  of  all  the  large  limb  bones  in  this 
snus.  The  radius  and  ulna  are  nearly  equal  in  size.  The 
irpal  bones  are  separate,  and  quite  short  The  five  metacar- 
als  are  short  and  stout,  and  the  first  is  the  largest  The  toes 
ere  thick,  and  the  ungual  phalanges  were  evidently  covered 
ith  hoofs.  In  Plate  Vll,  figure  1,  the  restoration  of  the 
japular  arch  and  entire  fore  limb  of  one  species  of  Morosaurus^ 
ell  illustrates  this  part  of  the  skeleton. 

The  pelvic  bones  are  distinct  from  each  other,  and  from  the 
icrum.  The  ilium  is  short  and  massive,  and  shows  on  its 
iner  side  only  slight  indications  of  its  attachment  to  the 
icrum.  More  than  half  of  the  acetabulum  is  formed  by  the 
ium,  which  sends  down  in  front  a  strong  process  for  union 
'ith  the  pubis,  and  a  smaller  one  behind  to  join  the  ischium 
Plate  VIII,  figure  1,  a  and  b).  The  acetabulum  is  completed 
elow  by  the  pubis  and  ischium.  The  pubis  is  large  and 
tout,  and  projects  forward  and  downward,  uniting  with  its 
3II0W  on  the  median  line  in  a  strong  ventral  symphysis.  Its 
pper  posterior  margin  meets  the  ischium,  and  contains  a  large 
Dramen.  The  ischium  projects  downward  and  backward,  and 
1  Morosaurus  its  distal  end  is  not  expanded  for  a  symphysis. 
!'he  relative  position  and  general  form  of  the  three  pelvic 
lones  in  this  genus  are  shown  in  Plate  X,  figure  3. 

The  femur  is  long  and  massive,  and  without  a  true  third 
rochanter,  although  a  rugosity  marks  its  position.  The  great 
rochanter  is  obtuse,  and  placed  below  the  head.  The  ridge 
^hich  plays  between  the  tibia  and  fibula  is  distinct  The  tibia 
3  shorter  than  the  femur.  It  is  without  a  spine  or  fibular  ridge, 
nd  its  distal  end  shows  that  the  astragalus  was  separated  from 
b  by  a  cushion  of  cartilage.  The  fibula  is  stout,  its  two  extremi- 
ies  nearly  equal,  and  its  distal  end  supports  the  calcaneum.  The 
wo  tarsal  bones  of  the  second  row  are  short,  and  the  five  well- 
leveloped  digits  are  similar  to  those  in  the  manus.  The  first 
aetatarsal  is  much  the  largest     (Plate  YIL^  ^^xix^  ^.^ 
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The  largest  spet'ies  of  this  genus  at  present  known  may  be 
called  Morosaurus  robustus.  It  can  readily  be  distinguished 
from  those  ali'eady  described  by  its  short,  helmet-shaped,  iliuni, 
which  is  represented  in  Plate  VlII,  figures  1  and  2. 

One  species  of  this  ^enus,  Morosaunis  gmndis*  is  now  known 
by  a  nearly  complete  skeleton,  and  the  remains  here  figured  are 
mainly  portions  of  this  individual.  They  were  found  ttjgether 
in  nearly  as  perfect  preservation  as  in  life,  and  mauy  of  them 
were  in  their  natural  position.  The  locality  was  in  Wynmhag, 
and  the  bones  were  taken  out  with  great  care  by  Mr.  S,  W, 
Williston  of  the  Yale  Museum. 

This  animal  when  alive  was  about  forty  feet  in  length.  It 
walked  on  all  four  feet,  and  in  many  other  respects  was  very 
unlike  the  typical  Dinosaur.  It  mnat  have  been  very  aluggisti 
in  all  its  movements.  Its  brain  was  proportionately  smaller 
than  in  any  known  vertebrata 

I  DiplodocuK  l07iffns,  gen.  et  §p.  dov. 

This  genus  includes  some  Dinosaure  of  very  large  size,  and 
herbivorous  in  habit.  It  may  be  distinguisheil  from  the  genera 
already  known  by  the  caudal  vertebrte,  which  are  elongated, 
deeply  excavated  below,  and  have  double  chevrons,  with  both 
anterior  and  posterior  rami,  (Plate  VUl,  fiaurea  3  and  1).  To 
the  last  oharaoter,  the  generic  name  refera.  The  tibia,  also,  is  a 
very  cliMniftcrislir  boiif,  iisil  is  ik'.-j^ly  ^^ronvrd  above  to  roo>-'ivo 
tho'libulii.  The  feet  iti  lliis  Lrciiii;;  jire  very  similar  to  these  of 
Af„r',s-i'ini^.  ^hoKn  in  Phit.^  VII. 

Tlio  pirsfiit  spcrii-s  is  l,;iscd  U]>ori  oik-  posUTi,.i'  linil).  i^nd  the 
tail,  of  ii  f^iiigk-  iiiaiviihwl  T\w  linil).  ;is  eML^iMea  b,-|ore 
remuvjij,  mcii-sin'cd  iVom  the  hi-ini  ..I' th(^  fi.iinur  to  the  eivl  .if 
the  toes  over  thirteen  feet  (4-P').  Thf  frmnr  was  UH.*)"""  in 
length,  and  tlie  tibia  lUW""".  Fuur  ..f  the  mcliar.  can.lil  vur- 
tebi-if  mcHsni-eil  tng.^ther  tliirlvfour  iiicli.'s  (7(10""").  Tl.,'  Ii[>t 
of  ihos.-.  or  ihe  loiirt.viith  in  the  sori.'s,  w;i-!  r\<s],t  iuid  onv-liMf 
inches  CilT""")  Ion-  ;uk1  live  :nid  one-lialt  iiu-hes  ^U^)""")  across 
tlifaiitorioifnd. 

enliar  ehuvron  reju-eseDte.!  in  Pla.to  VIII.  li-nre  3,  \va- 
iichcd  to  tlio  eioventh  <-:iu.]al.  and  all  the  roriiainiifj 
..hsrrvc;d  were  of  this  L-l.afa.;lor.  Kigure  4  reinvseiir^ 
■II  found  at  uiiothei  loi^allly,  and  ]iertia|.s  belongin-  M 
t  ^^finis. 

,;\-o  remains  indii'atca  reptile  aiinnt  liftv  feet  in  leii''Tli. 
■e  tuvind  ill  llie  upper  .hirassie.  near  Canon  Citv.  Col- 
l.-i77,  by  Mr.  S.  W.  Williston. 
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Laosawrus  Marsh,  1878. 

Another  well  marked  group  of  herbivorous  Dinosaurs,  mostly 
of  small  size,  occur  in  the  same  deposits  with  the  gigantic  forms 
above  described.  These  belong  to  a  separate  suborder,  and 
among  the  typical  Ormthoscelida^  as  defined  by  Huxley.  They 
belong  also  to  the  Iguanodontidce^  and  most  nearly  resemble 
the  genus  Hypsilophodon,  from  the  Wealden  of  England. 
All  the  specimens  known  from  the  Atlantosaurus  beds  appear 
to  come  under  the  genus  Zaosawn^^,  several  species  of  which 
have  already  been  found,  represented  by  numerous  individuals. 
One  of  the  species  hitherto  undescribed  may  be  called  Laosau- 
rus  altusj  and  its  repiains,  with  those  of  the  smaller  Laosaurus 
celer*  are  here  used  to  define  the  characters  of  the  genus. 

The  skull  is  of  medium  size,  and,  so  far  as  its  structure  has 
been  made  out,  resembles  that  of  Hypsilophodon.  The  teeth,  also, 
are  very  similar  (Plate  IX.  figures  2  ana  3.)  The  rami  of  the 
lower  jaw  are  edentulous  in  front,  and  apparently  were  not 
united  by  symphysis.  The  dorsal  and  caudal  vertebrae  have  their 
extremities  nearly  plane,  and  the  neural  arches  are  united  to  the 
centra  by  suture.  The  chevrons  have  their  articular  ends  joined 
together,  as  in  Iguanodon  and  most  Dinosaurs. 

The  fore  limbs  were  quite  small,  less  than  half  as  long  as  the 
hind  limbs,  and  evidently  were  not  much  used  in  locomotion. 
The  humerus  is  slender,  and  considerably  curved.  The  radius 
and  ulna  are  nearly  of  the  same  size.  In  this  species,  the 
humerus  is  190™™  long,  and  the  radius  150. 

The  bones  of  the  pelvis  are  distinct  The  outline  of  the  ilium 
is  not  known,  but  the  pubes  and  ischia  of  several  individuals 
have  been  determined,  and  prove  of  great  interest.  The  pubis 
forms  the  antero-inferior  part  of  the  acetabulum,  and  the  ischium 
completes  the  lower  portion.  The  pubis  extends  downward  and 
inward  in  front,  and  terminates  in  a  broad  spatulate  free  extrem- 
ity. It  unites  with  the  ischium  below  the  acetabulum,  and  sends 
backward  and  downward  a  long  slender  ramus,  which  is  clearly 
homologous  with  the  so-called  pubic  bone  in  birds  (Plate  X,  fig- 
ure 2).  There  is  a  large  foramen  near  the  ischiadic  margin. 
This  foramen  is  closed  behind  by  suture  only,  and  in  some  speci- 
mens becomes  a  notch.  The  posterior,  rodlike,  ramus  ossifies 
from  an  independent  center,  and,  to  distinguish  it  from  the  true 
reptilian  pubis  in  front,  may  be  called  the  post- pubic  bone.  A 
comparison  of  the  three  pelves  represented  together  in  Plate  X 
{Hesperomisj  Laosaurus  and  Morosaurus\  will  make  clear  the 
intimate  relation  existing  between  the  pubic  bones  of  Birds  and 
Dinosaurian  reptiles.f     If  this  series  be  extended  by  adding 

*  This  Journal,  xr,  244,  March,  1878. 

f  After  these  figures  were  made,  sliOwiug  the  position  of  the  Dinosaurian  pubis, 
which  has  caused  so  much  discussion  since  Cuvier,  I  found  that  Dr.  J.  W.  Hulke 
had  already  suggested  the  true  solution  of  one  difficulty.  (Journal  Geological 
Society  of  London,  vol  xxxli,  p.  334.) 

Am.  Joub.  8o7.— Tecibp  Sjibibs,  Vol.  XVI,  ^o.  %.—'^ov.A^1^. 

96a 


416  0.  G.  Marsh — American  Jiirassk  Di? 

the  pelves  of  some  existing  birds  (for  example  Gfooxcyx),  and 
of  ft  few  otlier  reptiles,  il  will  become  still  mor^  evident  that 
the  bone  called  "■pubis"  in  a  bird,  is  a  diflfereiil  bone  from  the 
pubis  of  a  crocodile.  The  i«:hiurn  iu  Laosaurus  is  a  eleader 
Done,  extending  backward  parallel  with  the  post-pubic.  It  has 
a  distinct  obturator  process,  which  laps  over  the  latter  bone- 

The  lirnb  bones  in  this  genua  have  a  distinct  medullary 
cavity.  The  femur  has  .1  prominent  great  trochanter,  the 
extremity  of  which  is  neparated  from  the  neck  by  a  fissure. 
The  thiril  ti-ochanter  is  long,  nnd  curved  outward.  The  tibia 
slightly  exceeds  tlie  femur  in  length,  tlie  proportions  in  Zmo- 
saurua  aUiis  being  393  to  36(r"  (Plate  IX,  figure  3).  The 
fibula  is  slender,  and  the  distal  smaller  than  the  proximal  end. 
The  astragalus  is  distinct  from  the  tibia,  and  the  calcaneum 
supports  the  fibula.  Thei-e  are  but  two  tarsak  in  the  second 
row.  There  are  three  well  developed  di^ta  in  the  pea  (II,  III 
and  IV).  The  outer,  or  fifth,  is  wantmg,  and  the  first,  or 
hallux,  is  represented  only  by  a  remnant  of  the  metatarsal 
The  phalanges  are  rather  short,  and  the  ungual  ones  are 
pointed.     (Plate  IX,  figure  3.) 

The  remains  of  this  genus  at  present  known  are  all  from  the 
Atlantosaurus  beds  of  Colorado  and  Wyoming.  Those  here 
described  were  found  in  Wyoming  by  Mr.  S.  W.  Williston. 
They  represent  an  animal  of  slender  proportions,  sind  aboat 
ten  feet  in  lenpth. 
Yule  CoUegf,  Now  Koven,  October,  1B78. 
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Entire  I. — Tooth  o(  ifnrotaiirvi  graiidis  Marsh  ;  side  view. 

Figure  % — The  aomo ;  front  view.     Both  onc-hulf  nntural  size. 

Figure  3.— .\ii8andjmrto£atlnH0[  J/iTiwitiriM  jrani/i>;  side  view,  one^ighth 
nntural  aizo.  a.  odontoid  process,  or  centrum  of  atlas ;  iix.  veatrutn  of 
axis;  /  fiH^unen  in  ceatnim:  i.  nenml  Hpinc. 

Figure  4. — Tlis  same  ;  front  view,     d  diapophynis  :  I,  sygapophysiii.    - 

Figure  6. — Fourth  cervical  voriebra  of  Momtanrua  graiAiii;  side  view,  one- 
eighth  natural  sise.  I.  ball  on  anterior  end  of  centrum ;  /,  tommen  in 
centrum:  ;.  anterior  zygBpophyitis ;  z'.  posterior  zypapophynis. 

Figure  0.— The  same;  back  view.  c.  cup  on  posterior  end'  of  centrum ^  d. 
diApophjisls ;  e,  panipopbjeia ;  i'.  posterior  zygapo^j&u. 
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Lett  fwapiiU  aad  corscold  (i[  MomiHiums  gmndii'  MorMh;  cide  view;  one  tenth 
natural  size.  a.  scnpular  fiit^  of  |;letiuid  oiivity ;  b.  nigoHC  Burfaco  of 
scapula  for  union  with  coraeoid ;  a',  coracoldeaa  put  oi  it,Vaiio\&  t^&iK^.'^ . 
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Elgure  I. — Bones  of  lelt  fore  leg  of  Morosaaiim  ijran-lia  Unreli;  oiie-tnenticth 
natoral  size;  ».  scapula;  r..  conicoid ;  h.  Imtneruf;  r.  radius;  u.  uliia; 
uc,  ulntkr  csrpnl ;  /.  flnit  niebinirpul ;  Vine.  Elflli  nietamrpnl. 

Figure  2. — Bonea  of  left  liind  log  of  Morosmtmt  grandia;  one-tweutietli  nat- 
ural BLZe.  ii.  ilium  is.  Jgchiubl  p.  pubis.  /.  femur;  (.  tibia;  /'.  Ilbula; 
a.  BStragalos;  c.  calcaneum ;  Vint,  dfth  meUtursal, 
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STpire 


— Left  ilium  of  JforoaaMrm  rohttilus  Marnh;  side  T 


r  pubic,  articulnr  surfnoe; 

tigrure  2. — The  Kame  ;   inferioi 

posterior,  or  ischiadic,  a'' 


poHterior,  or  incliiadio,  Hrticiilar  aiirfHce. 
view,     a,  anterior,  or  pubic,  articulation ; 
Btion.     Both  flgiirefi  ODe-t«nth  natural  size. 
Pigure  3. — Cheyron  of  THplodoata  i-ngug  Marsh  ;   top  and  side  views. 

articular  surfaces  ;  6.  anterior  process  ;  c.  posterior  process. 
figure  4. — CbevroD  of  another  iDdividuiil;  leltera  the  sonie  as  id  Qgure 
All  the  Qguiea  are  one-tentb  natural  size. 
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Figure  I.— Tooth  of  iniwaaria  oiiia  Mnmh ;  front  view. 
Figure  2.— The  mme,  sido  view,     Botli  twice  nntural  size. 
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Figure  I. — Pelvis  of  Hetperomis 

left,  oae-flfth  Datural  size. 
Rgure  2. — PelTis  of  Laaaauras  aitaa  Mamh;  Been  from  the  left,  one-Mith 

natural  gize. 
Rgure  3. — Pelvis  of  Morosaarus  i/rnadin  Mnrsli;  seen  from  tlie  left,  one-six- 

teentll  natural  size. 
The  Hignification  of  tho  letters  is  the  same  in  all  the  flgiires,  viz:  a.  acetab- 

uluin;  il  ilium;  u.  iechium;  p,  pubis;  p'.  post-piibis. 
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Abt.  L. —  VaUey  of  the  Minnesota  River  and  of  the  Mississippi 
River  to  the  junction  of  the  Ohio:  its  origin  considered;  by 
Gen.  G.  K.  Warren,  Major  of  Engineers.  With  Diagrams 
A,  B,  C,  C,  D,  B,  F  and  G  (making  plates  11  to  18  of  the 
volume). 

Definition  of  the  term  ^^  valley ^^^  prominent  natural  features  and 
length. — The  valley  to  be  considered  is  the  part  included  between 
the  high  banks,  commonly  called  bluffs.  Whenever  it  becomes 
necessary  in  this  article  to  refer  to  the  whole  area  drained  by 
the  river,  the  word  ba^in  will  be  used  to  designate  it 

Between  these  high  banks  the  greater  portion  is  subject  to 
overflow  at  time  of  floods,  forming  what  is  sometimes  called  the 
flood  plain ;  the  smaller  part  above  overflow  is  generally  com- 
poeed  of  allavial  terraces  of  sand  and  graveL  In  some  cases 
the  distinction  between  the  terraces  and  the  bluffs  is  difficult 
to  make. 

The  Mississippi  River  in  its  usually  navigated  parts  touches 
only  here  and  there  at  places  exempt  from  flood-waters,  and 
these  are  natural  landings  for  steamboats  and  sites  for  towns. 
In  course  of  time  the  convenience  of  the  people  living  there 
makes  them  desirable  locations  for  bridges.  It  is  very  rare, 
however,  that  both  banks  of  the  river  are  above  submergence ; 
where  one  bank  is,  the  opposite  one  is  generally  low,  and  cov- 
ered many  feet  deep  at  extreme  high-water,  making  it  difficult 
to  construct  bridges  sufficiently  elevated  for  steamboats  to  pass 
under  them. 

The  distance  along  the  general  course  of  this  valley  from  St 
Louis  to  St  Paul  is  about  620  miles,  but  steam  boatmen,  by  the 
coarse  they  take  along  the  navigable  channels,  make  the  distance 
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ftbont  800  miles.  Tliis  was  the  only  part  ppecified  id  the  law 
autboriKing  this  investigation,  hut  it  was  necessary  in  order  to 
present  the  subject  iteel!  projierly  to  include  the  whole  distance 
irom  the  mouth  of  the  Minnesota  to  the  Ohio ;  this  is  an  extent 
of  about  760  miles  along  the  general  course  of  this  valley,  and 
we  have  prepared  a  map  of  it  in  twenty-two  sheete  on  a  scale 
of  two  inches  to  a  mile.  The  manner  in  which  this  is  done  is 
deecribed  in  Chapter  VI  of  this  report 

Oenernl  map  ami  tirofik  prepared  for  publication. — Although  we 
have,  in  constnicting  the  map,  exhausted  all  means  of  obtain- 
ing knowledge  in  regard  to  this  part  of  the  Mississippi  Valley, 
there  are  some  parts  of  it  too  little  determined  to  make  its  puo- 
licatiun  us  a  whole,  advisable,  and  therefore  we  have  only  pre- 
pared for  publication  the  index  map  of  those  twenty-two  sneets, 
on  a  Buale  of  six  miles  to  an  inch.  (If  photo- lithographed  it 
may  vary  Irom  this  scale.)  Here,  again,  generalizations  have 
led  u«  to  make  this  index  map  include  the  Minnesota  River 
Valley.  That  valley,  under  another  clause  of  the  law,  was  also 
made  a  part  of  my  investigation,  and  a  map  in  twenty  sheets  on 
a  scale  of  two  Inches  to  the  mile  was  made  for  it.  The  map 
submitted  for  publication  is  also  an  index  map  to  those  Minne- 
sota Valley  sheets  now  on  file  at  Engineer  headquarters  in 
"Washington.  We  have  also  extended  this  general  map  south- 
ward so  as  to  inclnde  orerSowed  land  as  far  as  the  nortben 
part  nf  j\rkans.i9,  and  nrirlhwnrd  tn  include  a  jiart  of  the  basin 
of  the  Red  River  of  the  North.  It  is  designated  as  Diagram  1, 
ill  live  .sheets. 

The  t\vi>  systems  of  the  United  States  land  surveys,  one  on 
ea<;li  side  of  the  river,  arc  so  cheeked  up<m  each  other  in  its 
construction  and  by  special  surveys  by  ourselves,  that  the  val- 
ley on  this  siiiaU  scale  is  probably  as  correct  as  it  can  be  repre- 
sented. The  whole  of  the  floml-plain  is  shaded  witii  light  ruled 
lines,  cxci'pt  the  prluuipal  lakes  and  water- courses,  wiiich  are 
fihadi'd  iviih  heavy  lines.  The  alluvial  terraces  above  overdnw 
arc  shiiilcd  witli 'dots.  The  high  banks  or  blufls  are  without 
shadinjr.  On  sheet  live  there  are  .some  overflowed  lands  that 
arc  above  the  Mississippi  flood.*,  which  have  Special  shading. 

In  order  to  complete  a  presentation  of  the  Mis.«issippi  flood- 
plain  to  ilie  Gulf  of  Mexico,  tlie  pa^e  Diagram  A  is  added, 
reduced  from  Plate  11  of  the  report  of  Uuinphreys  and  Abiiot 
on  the  physics  and  liydraulics  oi  the  Missi.ssippi. 

GeueraJ  considerations  as  to  the  formation  of  the  Mississipi'i 
Vnlley  have  caused  me  to  present  also  the  page  Dingram  E. 
showing  the  Mississippi  basin  as  it  is,  and  extending  northward 
t/i  include  the  Lake  Winncpeg  basin  with  the  ancient  extension 
of  the  lake  southwan.1  ami  ontfluw  through  the  valK-y  of  tlie 
Minnesota  and  Mississippi  Kivers. 
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Profiles  prepared  for  publication, — Accompanjring  this  chapter 
are  two  sheets  of  longitudinal  profiles  of  the  valley  from  the 
junction  of  the  Minnesota  River  to  the  junction  of  the  Ohio. 
The  horizontal  scale  is  about  eight  miles  to  an  inch,  and  the 
vertical  200  feet  to  an  inch,  reduced  in  publication.  The  datum 
is  the  sea-level  according  to  the  best  aeterminations,  and  both 
sides  of  the  valley  are  given  side  by  side.  The  parts  of  the 
banks  above  low-water  are  shaded  to  indicate  the  strata  of  dif- 
ferent geological  periods,  but  it  must  be  borne  in  mind  that 
this  low-water  line  does  not  represent  the  low-water  slope  of 
the  winding  river,  but  is  drawn  from  point  to  point  along  the 
general  course  of  the  valley,  so  as  to  bring  the  rocks  into  their 
proper  relative  positions.  These  longitudinal  profiles  are  desig- 
nated as  Diagram  2,  in  two  sheets. 

Another  sheet,  designated  as  Diagram  8,  gives  twenty  trans- 
verse valley  sections,  on  a  larger  scale  than  the  profiles :  three 
of  them  on  the  Minnesota  Valley;  one  on  the  Mississippi,  above 
the  junction  with  the  Minnesota;  fourteen  of  them  in  tne  valley 
between  the  Minnesota  and  the  Ohio;  one  at  the  mouth  of  the 
Missouri  River,  and  one  at  the  mouth  of  the  Illinois  River. 
These  sections  are  designed  to  show  the  extent  of  our  positive 
knowledge  of  the  depth  of  the  bed-rock,  and  will  be  described 
in  detail  in  the  latter  part  of  this  chapter. 

We  are  mainly  indebted  for  the  geological  data  in  these  pro- 
files and  sections  to  the  report  of  David  Dale  Owen,  Octooer, 
1861,  on  the  Geological  Survey  of  Wisconsin,  Iowa  and  Minne- 
sota ;  to  the  report  on  the  Geological  Survey  of  Iowa,  by  Prof. 
James  Hall,  Prof.  J.  D.  Whitney  and  Mr.  A.  H.  Worthen,  pub- 
lished in  1858,  and  the  report  of  Mr.  A.  H.  Worthen,  director 
of  the  Geological  Survey  of  Illinois,  published  in  1866. 

Method  of  treating  question  of  depth  of  bed-rock, — The  question 
ol  depth  of  the  bed-rock  beneath  the  sand  that  usually  forms 
the  bed  of  the  river  will  occupy  the  remainder  of  this  chapter. 

In  presenting  my  ideas  in  regard  to  it,  I  have  thought  the 
best  order  in  which  I  could  arrange  them  would  be  that  in  which 
they  arose  in  the  progress  of  the  investigation.  It  was  from 
the  first  obvious  that  means  and  time  would  not  allow  of  my 
covering  such  an  extended  field  by  actual  borings,  and  that  the 
most  that  could  be  done  was  to  draw  such  probable  inferences 
as  could  be  done  by  a  study  of  the  rocks  visible  in  the  bluffs 
and  by  an  effort  to  comprehend  the  manner  in  which  the  valley 
was  formed. 

The  consideration  of  the  anomaly  presented  by  Lake  Pepin 
lying  in  the  course  of  the  river,  and  said  to  have  a  depth  of  sixty 
feet  near  its  lower  end,  was  the  beginning  of  this  effort.  If  the 
valley  in  this  portion  had  once  been  all  of  this  depth,  and  since 
filled  in,  then  the  bed-rock  could  not  be  less  than  sixty  feet 
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below  the  water  Burfiice.  Explanations  of  the  cause  of  this 
lake  had  been  attempted  by  Long  mid  bj  Featherstonhaugh, 
which  did  not  seem  to  me  satisfactory, 

ExpJanalion  of  tlie  cause  of  Lake  Prpin  awi  similar  lakes. — The 
results  of  the  levelings  on  the  Minnesota  and  Mississippi  Hivers 
made  by  me  showed  tiiat  just  below  the  entrance  of  any  consid- 
erable affluent  there  waaanaecuiDulationof  deposit  io  the  main 
stream  brought  by  the  tributary;  that  over  this  deposit  the 
slofw  of  the  water  was  greater  than  the  average  slope,  and  that 
it  was  shoal  and  impeded  navigation;  that  just  above  the  afflu- 
ent the  slope  was  less  than  the  average,  and  the  water  deeper. 
So  far,  this  was  in  accordance  with  conditions  which  generally 
exist  in  rivers,  and  might  be  so  even  where  the  main  streani 
was  gradually  wearing  away  and  deepening  its  bed. 

But  a  marked  peculiarity  was  exhibited  at  the  junction  of  the 
Minnesota  and  Mississippi  Kivers.  Regarding  the  Mississippi 
as  the  affluent  (which  we  might  do  from  the  comparative  sizes 
of  the  two  valleys),  the  rule  here  would  be  as  it  is  elsewhere, 
steep  slope  and  shoal  water  below  the  affluent  and  almost  ou 
slope  anci  very  deep  water  above.  In  this  instance  the  effect  is 
felt  above  for  at  least  thirty  miles.  On  the  other  hand,  taking 
the  Mississippi  as  the  main  stream  (as  the  volume  of  its  water 
has  always  caused  it  to  be  regarded),  then  we  have  the  anomaly 
of  the  main  stream  filling  up  the  valley  and  damming  back  the 
affluent  so  that  the  Inttcr  brinps  no  ir^oarsp  TTinteriaT  whatever 
int()  the  main  valley  or  has  any  part  in  forming  the  shoal  below 
the  junction  of  the  two  streams. 

I  called  attention  to  this  in  my  report  published  in  1867,  and 
agjiin  made  the  anomalous  condition  a  feature  in  my  report  on 
the  Minnesota  River,*  where  diajjrams  were  given  of  the  streams 
and  valleys  at  the  junction,  and  of  the  Minnesota  at  its  source 
in  Lakes  Big-Stone  and  Travera,  which  I  here  repeat  as  Dia- 
gnims  C  and  C  The  Minnesota  Valley  maintains  these  widths 
and  depths  throughout  its  eourse.  I  have  also  prepareti  a  small 
contour  map  of  the  sources  of  the  Minnesota  and  Mississippi 
Rivers,  to  sliow  the  important  position  occupied  in  this  system 
of  flopes  by  the  Minnesota  Rivers,  and  give  it  as  Diagram  G. 

In  the  report  on  the  Minnesota,  above  referred  to,  I  showe<l 
thiit  the  valley  of  the  Minnesota  River  had,  in  the  period  sub- 
sequent to  the  glacial-drift  epoch,  been  occupied  by  a  much 
larger  river,  which  had  formefl  the  outlet  of  a  great  lake,  em- 
bracing the  lake  Winnipeg  and  receiving  the  drainage  of  its 
ba.sin,  and  extending  as  tar  south  aw  the  present  Lake  Traverse 
at  the  sources  of  the  Minnesota  River.f  Tliis  ancient  river,  if 
its  volume  were  as  great  in  proportion  to  area  as  that  of  ilic 
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Mississippi  above  the  Falls  of  St.  Anthony,  probably  equaled 
Niagara  m  volume,  and  would  have  been  sumcieDt  to  prevent 
the  formation  of  such  excessive  accumulation  of  dSbris  in  its 
course,  such  as  the  Mississippi  is  now  making  below  the  Min- 
nesota River,  although  it  is  probable  that  the  material  brought 
into  it  from  the  near  proximity  of  the  Falls  of  St  Anthony 
would  have  had  the  usual  effect  of  somewhat  increasing  the 
slope  and  shoalness  just  below  its  junction,  and  decreasing  the 
slope  and  increasing  the  average  depth  just  above. 

Accepting,  then,  the  conclusion  which  I  have  elsewhere 
made  reasonable,  that  the  drainage  of  the  Winnipeg  basin  was 
formerly  along  the  Minnesota  and  Mississippi  below  the  iunc- 
tion,  then  when  the  flow  of  water  from  that  great  northern  basin 
ceased  there  would  no  longer  be  the  volume  of  water  necessary 
to  remove  the  deposits  brought  by  the  affluents  into  a  channel  of 
too  great  capacity  for  the  requirements  of  the  new  conditions. 

In  building  the  railroad  bridge  across  the  mouth  of  the  Min- 
nesota, Mr.  Shepard,  the  engineer,  made  borings  to  ascertain 
the  character  of  the  foundations.  A  rod  was  forced  down  about 
sixty  feet,  at  which  distance  a  stratum  was  reached  so  yielding 
that  the  rod's  weight  would  be  barely  supported.  He  did  not 
endeavor  to  probe  further,  for  just  before  reaching  this  soft 
layer  he  passed  through  a  harder  one  of  sufficient  thickness  and 
resistance  to  support  his  structure.  This  bridge  is  a  work  of 
minor  character.  This  shows  that  the  deposit  in  the  old  valley 
exceeds  sixty  feet  at  this  point  The  Minnesota  being  a  muddy 
stream,  its  fine  silt  has  much  filled  the  lake  which  the  Missis- '^ 
flippi  dibris  at  its  mouth  caused. 

The  dS)ris  and  material  brought  over  and  from  the  Falls  of 
St  Anthony  has  been  carried  downward  by  the  water,  grad- 
ually accumulating  and  filling  the  valley  as  it  advanced.  One 
should  here  stop  and  consider  the  manner  in  which  river  de- 
posits are  made.  The  finest  clay  is  so  easily  mingled  with  the 
water,  that  the  slightest  disturbances  in  the  fluid  as  it  moves 
along  even  with  gentle  currents,  is  sufficient  to  keep  it  from 
setthng  down  until  still  water  is  reached.  The  amount  of  this 
on  the  Upper  Mississippi  is  comparatively  very  small.  Such 
materials  as  can  be  moved  only  by  the  swiftest  currents  are 
rolled  over  along  the  bottom,  gradually  diminishing  in  size  by 
friction,  and  furnishing  smaller  particles  susceptible  of  being 
thus  moved  by  feebler  currents.  The  resulting  material  is 
pebbles,  gravel  and  sand,  the  fine  material  such  as  clay  and 
vegetable  matter,  being  all  washed  out 

W  hen  deposits  of  gravel  or  sand  are  made  of  materials  moved 
along  the  bottom,  it  takes  place  as  soon  as  the  current  slackens, 
as  it  must  do  on  reaching  a  place  having  a  larger  sectional  area. 
The  deposit  is  sudden,  and  the  material  is  all  taken  up  in 
diminisning  the  section,  until  the  velocity  ot  It^w^^^XaXKoii  S& 


'PT^^ 


422      0.  K.  WajTfB—  Valh^xj  of  the  Minnriola  and  Misaisnij. 

reatored ;  then  deposition  continaes  immwlintelv  in  front  of  the 
last  deposit.  Such  depoBiiion,  therefore,  does  not  exteod  lat- 
eruily  from  the  course  of  the  current  into  any  cdiiiiguoua  dead 
water,  as  depositioDS  Irom  water  holding  a  olayey  or  vegetable 
matter  would. 

Thus  in  the  valley  of  the  Misnasi ppi,  the  lakes  alongside  the 
river's  oourse  are  deeper  than  the  river,  which  hiis  continued 
ti>  raise  ita  bed  by  dejMwita  of  sand  after  the  lakes  wert?  cut  off 
from  itfl  current. 

From  the  Falls  of  St  Anthony  down  to  the  St.  Croix  River 
the  Mississippi  Valley  receives  no  con&idemble  tribiiuiry.  The 
St.  Croix  comes  from  a  region  of  trap  rork  now  furnishing  little 
or  no  lapfte  and  heavy  sediineutary  matter.  The  result  has  been 
that  the  Mississippi  deposit  of  aand  ami  gravel  has  been  thrown 
across  its  mouth,  holding  back  ita  water  and  forming  the  St. 
Croix  Lake.  At  low  water,  while  the  depth  of  the  Mississippi 
at  the  Junction  is  two  and  oue-half  feet,  the  depth  in  Lake  ot 
Croix  is  twenty-five  feet  It  is  not  probable  that  twenty-five 
feet  depth  represents  the  amount  of  fiJiing  of  the  ancient  valley 
at  this  point,  because  the  lake  iteelf  muat  have  been  somewhat 
shoaled  with  fine  deposits  of  clay  and  vegetable  matter. 

The  next  considerable  tributary  to  the  Mississippi  Valley  is 
the  Chippewa  Kiver.  This,  entering  Ett  right  angles  with  s 
I  Bteep  river  elope  and  a  probable  high-water  Tol^iina  of  at  leaat 
40.0(K)  cuiiic  feet  per  Fecoud,  comes  from  n  resrion  inexhaustibly 
supplied  witli  siliceous  sand  and  gravel  containing  a  considera- 
ble of  the  heavy  mngnetic  sand,  whose  oxidation  often  cfmcnls 
tlic  other  .sand  ilcposil.-;.*  It  brings  quant i lies  ol  these  materials 
wiiich,  .spread  out  below,  give  a  very  steep  slope  to  ilie  Missis- 
si|)iii  Kiver,  and  \cry  bad  shoals  for  navigation. 

Lying  just  above  this  dejiosit  is  Lake  Pepin,  whicli  it  com- 
plclely  accounts  fi>r.  The  reason  this  lake  lias  not  been  lillfi 
up  by  the  Mis.*issippi  above  is  that  the  supply  of  sund  from  ilie 
Chippewa  is  so  great  a-s  to  raise  the  level  more  rapidly  limn  the 
filling  above  can  keep  pace  with.  The  Chippewa  from  tiic  It'ft 
bank  pushes  its  sand-bar  out,  so  as  to  confine  the  outlet  of  tiie 
lake  lo  the  op]M)site  shore.  There  is  an  observaljlc  rcbition 
between  (lie  (-(Uidilion  of  the  lake  and  the  deposits  of  tlie  Cliili- 
pcwa.  Tlic  (K'e|)CTnnfi  of  tlie  waters  by  the  de]>osit  of  Cliippcwit 
sands  is  felt  allow  water  soniotiiiies  as  fiir  up  as  tlie  mouth  of  llie 
St.  Croix,  when  flooilsin  tlieChip]>ewji  make  these  deposit- lart'e, 
and  on  the  other  hand,  in  liniesotdroiijihis  the  walersof  ihe  I»ku 
ent  the  outlet  deeper,  and  lower  its  level,  so  that  llieslioal  water 
is  moved  down  the  river  two  to  three  miles  below  the  St.  Croix- 

•  "The  BiiBl.vKil>  of  Ilie  foil  on  this  part  of  the  Chippewn  River  (the  Vellow 
Bankfl)  pvea  ninety -ttiree  per  cent  vl  insoluble  matter,  whidi  is  chieHj  shiw 
eaad,  with  only  two  per  fent  of  orgnnir  matlpr,  lepB  tliBD  four  per  rent  of  Boliihle 
Bsline  mutter,  consisting  chiefly  of  oxide  of  iron  and  alumina  with  only  a  truce  at 
calcareoua  earth."— Owen' e  Re^ott,,  ^p.  G6, 
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If  we  follow  the  Mississippi  dowD  we  dud  similar  conditions 
produced  by  the  Wisconsin  River  as  by  the  Chippewa ;  that  is, 
a  great  increase  of  the  slope  and  shoaling  of  the  n  ver  below  the 
junction,  with  gentler  slopes,  deep  water,  and  lake- like  aspect 
above.  There  would  probably  have  been  a  large  lake  here,  if 
the  affluents  above  had  not  silted  it  up. 

Another  instance  is  afforded  by  the  damming-back  effect  of 
the  Mississippi  deposit  at  the  mouth  of  the  Illinois  River,  mak- 
ing it  at  low  water  almost  like  a  lake  up  to  La  Salle. 

Lake  Pepin  must  therefore  be  regarded  as  due  to  the  deposit 
by  the  Chippewa  of  heavy  coarse  sediment  into  the  valley  of 
an  ancient  and  larger  river.  This  view  ma^y  be  strengthened 
further  by  the  following  considerations:  It  lies  immediately  in 
the  course  of  the  main  valley  above  an  important  tributary.  In 
this  respect  it  agrees  with  Ij^c-qui-parle,  on  the  Miunesota,  just 
above  the  Lac-qui  parle  River;  with  another  lake  on  the  same 
valley  just  above  Yellow  Earth  River;  with  Big  Stone  Lake 
in  the  same  valley,  just  above  Whetstone  River;  with  Lake 
Traverse,  which  is  formed  by  deposits  from  a  stream  at  each 
end,  and  thus  empties  sometimes  m  both  directions.  It  agrees 
in  this  relation  with  the  lakes  on  the  Qu'Appelle,  which  all 
lie  just  above  a  considerable  tributary,  and  with  like  lakes  on 
the  Upper  Fox  of  Lake  Winnebago.  This  constant  relation 
seems  unmistakably  one  of  cause  and  effect 

Valley  now  filling  up. — From  what  has  been  stated  above,  it 
is  clear  that  the  river  valley  in  the  part  we  have  considered  is 
not  now  being  deepened  by  erosions,  but,  on  the  contrary,  is 
filling  up,  and  it  appears  to  be  doing  so  all  along  its  lower 
course  except  at  the  rapids. 

Recent  drainage  of  Lake  Winnipeg  southward. — As  I  have 
stated  in  previous  reports,  I  regard  the  ancient  river  draining 
the  Winnipeg  southward  by  the  Minnesota  and  Mississippi 
Valley  as  existing  subsequent  to  the  glacial  deposits.  This  is 
based  upon  the  fisict  that  the  river's  course  is  cut  through  those 
deposits,  as  shown  by  the  banks  in  many  places  from  Lake 
Traverse,  in  Minnesota,  to  Warsaw,  in  Illinois,  and  that  the 
ancient  bed  of  Lake  Winnipeg  is  free  from  glacial  deposits,  and 
exhibits  only  the  silt-deposit  since  made  by  the  ancient  lake 
itself. 

VaUey  formed  since  the  glaciers  began  to  retire, — It  also  seems 
most  probable  that  the  ancient  valley  itself,  as  a  whole,  was 
formea  in  the  r^on  of  glacial  deposits,  partly  during  the  period 
this  great  field  of  ice  was  receding,  ana  partly  since  it  left  the 
ancient  Mississippi  basin,  for  the  following  reasons:  When  this 
ice-period  was  on  the  increase,  its  southern  margin  must  have 
been  gradually  advancing  in  this  region,  crushing  down  and 
planine  off  the  ridges  and  filling  the  ravines  and  water-courses 
with  we  dSbris  not  only  of  the  neighboring  rook^^  W\»  ^^S!^ 


ip^M 


424     0.  K,  Warrsn — Yalhtj  ofiht  Minnesota  and  Mississif 

the  great  mass  of  hard  rocks  and  other  material  brought  from 

regions  far  to  tha  north.  There  aeems  a  probability  that  mach 
of  the  present  Upper  Mississippi  basin  had  previously  been  for 
long  ages  exposes]  only  to  erosions  of  streams  and  of  the  atmos- 
phere, BO  that  it  wfi3  probably  much  cut  up  and  fissured,  as  we 
see  in  regions  farther  west,  where  no  glacial  action  has  occurred. 
It  must  have  been  an  easv  matter  then  for  the  glacier  to  have 
thoroughly  filled  up  all  tlie  valleys  and  ravines,  leaving  the 
surface  everywhere  of  the  well-known  rounded  hill  and  basin 
forms  of  the  drift  regions.  Wherever  the  glacial  scratchings  are 
preserved,  their  uniform  directions  indicate  a  massive  move- 
raeut  to  the  southwest  quite  independent  of  all  influence  of 
underlying  ioequalilies.  The  water  which  flowed  from  them 
would  seeK  the  IJrst  lowest  line  and  excavate  its  course  without 
regard  lo  the  nature  of  the  older  stratified  rocks  buried  beneath 
the  glacial  deposits,  and  such  seems  to  have  been  the  case,  for 
the  valley  takes  a  great  varietv  of  courses,  running  about  north- 
east at  St.  Paul,  due  west  at  llock  Island,  and  ita  directions  fill 
every  azimuth  in  difi'erent  ]>arls  from  northeast  around  by  south 
to  west  To  the  old  stratified  rocks  its  course  seems  to  have 
no  relation,  now  catting  across  an  anticlinal,  then  following  the 
strike  in  one  direction  and  again  in  the  opposite  one. 

How  the  valley  wot  fanned. — At  St.  Paul,  on  the  Mississippi, 
and  in  the  Minnesota  abnre,  ere  the  banks  of  an  ancient  W8ta^ 
coiirpe  when  at  pnoh  hiifher  level  tlion  now  that  the  river-bod 
was  the  magneaian  limestone  rock,  the  same  as  that  of  the  Mis- 
sissippi, just  above  the  Falls  of  St,  Anthony,  The  existing 
channel  of  tlie  ancient  valley  has  probably  been  formed  bv  a 
cataract  in  the  great  river,  similar  to  that  at  St.  ATithmiy.  Thi.s 
view  is  sustained  by  the  high  islands  of  rock  in  the  vallev  of 
the  Minnesota,  being  remains  of  strata  once  continuous  iicruss 
it  Thecc  high  islands  also  exist  below  in  the  Missis-*ippi,  such 
as  Ham  Bluff,  at  the  lie.ad  of  Lake  Pepin,  and  the  Trenipek-aii 
hills.  Some  of  these  detaclied  bluffs  may  have  been  formci 
by  bends  ap])rO!ichiiig  each  olhcr  by  erosions  gradually  fonning 
a  neck  and  cutting  it  olf.  One  such,  nearly  completed,  is  f-een 
in  the  Dalie.s  of  the  Chippewa  Kiver.  The  period  which  must 
have  elapsed  in  doing  this  work  was  long,  but  it  is  probable 
that  the  volume  of  water,  during  the  melting  of  the  glaciers 
north  of  it,  was  greatly  in  exces.s  over  that  of  the  present  dnin- 
age  of  the  Winnipeg  basin.  The  period  may  have  been  .some- 
what shortened  by  the  new  watercourse  regaining  in  phice,^ 
some  ancient  one,  filled  only  with  glaciid  debris. 

If  we  look  at  the  valley  shown  on  the  map  from  Lake  Trav- 
erse to  Bock  Island,  we  see  that  it  gradually  widens  and  con- 
tracts along  its  course,  but,  as  a  wli<)Ie,  widens  as  we  desceml. 
It  widens  where  the  rocks  on  the  banks  are  soft,  and  narmns 
where  they  are  harder  and  capable  of  resisting  atmospheric  ero- 
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sioD,  as  they  are  near  Dubuque.  This  is  in  accordance  with 
usually  receiyed  ideas,  that  where  the  stream  is  confined  by 
hard  oanks  its  increased  velocity,  due  to  such  contractions, 
may  have  caused  the  streams  to  abrade  deeper.  It  is  improb- 
able that  the  ancient  river,  where  it  cut  its  way  either  as  a 
cataract  or  in  any  other  manner  of  river  erosion,  made  the  val- 
ley as  wide  as  we  now  see  it  It  most  probably  underwent 
subsequent  widening  from  the  impinging  of  the  currents  against 
the  foot  of  the  high  banks,  thus  removing  the  dehris  falling  from 
the  clifiFs  above,  as  well  as  scouring  away  the  unbroken  strata 
against  which  it  washed.  Even  now,  although  the  great  river 
has  disappeared,  we  see  that  the  valley  is  still  widening  in  some 
places  where  the  river  flows  at  the  foot  of  the  high  bluffs, 
although,  in  the  great  majority  of  cases,  the  atmospheric  ero- 
sions have  covered  the  steep,  rocky  scarps  with  detritus,  which, 
clothed  with  vegetation,  preserves  them  from  the  influence  of 
the  air.  Where  the  river  now  impinges  against  the  banks  com- 
posed of  soft  strata,  we  sometimes  see  its  efiect  in  the  fresh-cut 
appearance  of  the  cliff,  and  are  led  to  give  greater  weight  to 
similar  operations  in  the  past,  when  like  forces  were  probably 
more  intense. 

I  have  selected  one  (Diagram  D)  such  cliflF  in  the  wide  part 
of  the  valley  below  La  Crosse,  which  part  indicates  much  wid- 
ening since  the  first  cutting  out  of  the  river's  course.  It  is 
apparent  that  no  stream  of  water  could  have  cut  down  from 
G  to  AB  while  the  opening  D  was  available.  But  if  we  allow 
that  cataract  on  the  right  of  the  diagram  I'epresents  the  condi- 
tions when  the  stream  began  to  flow  which  cut  the  valley,  then 
its  present  course  is  natural,  the  subsequent  widening  bringing 
it  to  the  state  we  see  on  the  left  of  the  diagram. 

Geologists  of  high  character  have  estimated  the  age  of  the 
gorge  at  Niagara  Falls  on  the  present  rates  of  recession,  and, 
though  the  result  is  uncertain,  it  indicates  the  origin  to  be  in 
recent  geological  times,  although  antedating  the  historical  era. 
In  a  similar  way  the  time  required  by  the  Mississippi  to  cut  the 
gorge  from  Fort  Snelling  to  the  Falls  of  St.  Anthony  has  been 
calculated  by  Professor  N.  U.  Winchell,*  on  data  that  makes  it 
vary  from  6,000  to  12,000  years,  by  assuming  that  the  forces  in 
producing  this  result  have  remained  uniform  during  this  period. 

That  any  date  in  geological  time,  capable  of  being  expressed 
in  definite  numbers  of  years,  can  be  deduced  from  existing  ob- 
servations, seems  highly  improbable ;  but  whenever  a  condition 
is  observed  which  may  be  referred  properly  to  the  causes  now 
at  work,  whether  of  greater  intensity  or  less,  it  is  reasonable  to 
r^ard  the  work  done  as  of  recent  geological  origin.  We  cannot 
neglect  this  uncertain  method  of  drawing  inferences,  since  it  is 
the  best  we  have,  and  we  should  endeavor,  by  continued  inves- 

*  Beport  (Geological  Survey  Miimeeots^  \^*l^. 
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ligation,  to  make  more  definite  tliis  method  of  finding  the 
unknown  factor,  time. 

Since  llie  Fnila  of  St  Anthony  were  at  the  juDction  of  Min- 
nelmliH  Creek,  they  have  recedetf  six  and  a  auarter  miles.  The 
Minnehaha  Falls,  since  that  time,  have  receued  three-fifths  of  a 
mile.  Both  streams  have  cut  into  the  same  formation,  starting 
wilh  the  same  height  of  fall.  These  relative  rates  have  been 
as  alxmt  1  to  10.  The  jimportion  of  the  volumes  of  the  two 
streams,  judging  by  their  present  drainage  arena,  is  about  as  72 
siiuare  miles  is  to  21,6UU  square  miles,  or  about  as  1  to  300. 
1'tiat  is  to  saj,  the  recession  of  the  Minnehaha  Falls  has  been 
thirty  times  foster  than  it  would  have  been  if  proportioned  to 
the  volume.  This  may  be  accounted  for  by  the  greater  atmos- 
pheric influence  of  the  smaller  falls,  which,  examination  shows, 
Keei>s  ahead  of  the  effect  of  the  water,  forming  a  cave  under  the 
fall  by  the  dropping  down  of  material  which  the  water  then 
washes  away.  At  the  greater  falls  the  volume  of  water  almost 
constantly  protects  the  rockn  from  the  action  of  the  atmosphere. 
Hence  we  mast  give,  as  said  before,  a  very  considerable  iiifln- 
eoce  to  the  operations  of  the  atmosphere  in  aiding  the  erosions 
of  small  streams,  and  in  demolishing  cliffs  where  the  water  can 
remove  the  dibria. 

I  attribute  a  more  recent  origin  of  the  gorge  of  the  Mississippi 
from  Fort  Snelling  to  the  Falls  of  St  Aothony  tfa&n  to  that  ol^ 
till'  MiiiTicsoia  iiViovc  the  jnrictiorK     The  general  map  indicates 
lli.il  llir  ^:^nlL■  loRv  wliidi  f..|-riK'd  ihu  vallev  bdnw  tl.L^  juilctiun 
rni-ihod  ihiit  of  the  MirnieMota  ubove. 

'Vhf!  hy)ii>tlK>,-iis  which  I  luive  iieretofore  advanced  and  eu- 
deavnied  to  j^ustLiin,  llnit  the  lo^is  of  the  Wit.iiepeg  outlet  along 
tlie  Miiincsuta  was  due  to  a  t-han^eof  the  eontineulal  slopes  hy 
a  iioitlicasterly  depression,  will  exiilain  this  more  recent  origin 
of  ilieSt,  Anthony  Falls  gorge,  'IhissujuKised  change  of  slojie 
niiirht  have  caused  a  change  of  outlet  of  the  lakes  about  tlie 
jiivseiit  source  of  the  Mis.<issippi,  -so  that  the  waters  flowed  out 
on  tlie  northeast  and,  falling  into  a  depression  leading  south- 
ward, made  this  upper  part  of  the  Mississippi.  When  we  note 
till'  ^reat  extent  of  ilic  eroded  valley  of  the  Minnesota,  and  also 
the  fact  that  all  the  smaller  streams,  like  tlie  St.  Croix.  Chii>- 
pewa.  Black  and  Wisconsin,  have  cut  tlirouj^h  the  sediincniarv 
iiiek  down  to  the  granitic  or  trap  rocks,  it  seems  improbable 
that  the  Mississippi  alwDve  Fort  Snelling.  witli  its  greater  (>ower, 
.'iliould  not  have  accomplished  as  uiuch  if  it  had  been  as  long  at 

Kegarding  the  Mississippi  V.tlley  as  originating  as  a  whole 
by  the  action  of  a  stream  since  the  ghicial  ice  occupied  its  basin, 
l"^would  note  that  as  far  down  as  the  island  of  Rock  I.stand 
llierc  is  no  decided  indication  of  other  than  successive  changes 
jilfending  such  action,  and  the  gradual  filling  up  of  the  valley 
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by  tributary  sediment  after  the  great  volume  of  water  from  the 
Wiuuipeg  basin  had  disappeared. 

Anomalies  of  Bock  Island  Rapids  and  Des  Moines  Rapids, — At 
Bock  Island  the  river  has  left  the  ancieut  valley,  which  just 
below  Bock  Biver  seems  to  be  lost.  We  might  have  supposed 
that  it  ended  here  but  for  finding  it  again  below  Muscatine  and 
continuous  down  to  the  Des  Moines  Bapids,  where  it  is  lost 
again.  Just  below,  however,  we  find  it  again,  and  it  then  is 
continuous  until  it  widens  out  into  the  broad  expanse  below 
the  junction  of  the  Ohio,  although  the  river  again  leaves  the 
main  valley,  without  sufficient  apparent  cause,  at  Fountain 
Bluff  and  at  the  Grand  Chain. 

We  had  not  time  to  study  out  where  the  course  of  the  ancient 
valley  was  between  Bock  Island  and  Muscatine,  but  at  the  Des 
Moines  Bapids  we  were  more  fortunate. 

The  following  description  of  this  vicinity  and  Diagram  E  will 
present  the  points  that  appear  deserving  of  consideration. 

The  river,  as  it  passes  the  town  of  Madison  on  its  right  bank, 
which  is  there  150  feet  high,  washes  against  a  bluff  composed 
of  clay  and  sand  arranged  in  a  manner  resembling  "the  ebb 
and  flow  structure."  Mr.  Worthen  gives  a  good  description  of 
this  formation  in  the  Iowa  Geological  Beport,  volume  i,  part  1, 
page  187.  This  kind  of  bluff  is  seen  only  on  the  right  bank, 
and  extends  continuously  a  distance  of  about  twenty-five  miles 
from  the  mouth  of  Skunk  Biver  down  to  the  point  D  (see  Dia- 
gram E),  where  it  joins  the  Keokuk  limestone  rock  just  back  of 
Montrose. 

In  descending  the  river  from  Madison,  the  river  gradually 
recedes  from  this  bluff,  and  a  few  miles  above  D  the  bluff  is 
three  miles  from  the  river.  A  large  portion  of  the  intervening 
space  is  occupied  by  a  sand  terrace,  varying  from  twenty  to 
fifty  feet  in  height  above  the  high  water;  the  other  portion  is 
bottom  land,  subject  to  overflow. 

The  river,  before  reaching  Montrose,  has  a  width  within  its 
banks  at  ordinary  stages  of  about  half  a  mile,  and  the  depth  of 
water  in  the  pools  at  low  stage  is  from  fifteen  to  twenty  feet, 
the  bed  being  of  sand,  with  no  rock  in  place ;  nor  is  there  any 
rock  in  the  right  bank  bluffs  till  just  below  Montrose,  where  it 
begins  also  in  the  river-bed.  On  the  left  bank  or  Illinois  side 
the  bluffs  are  of  rock,  the  same  as  at  the  rapids,  where  they 
have  l)een  cut  through  by  the  river.  This  cut  begins  at  Mon- 
trose, where  the  river  makes  a  turn  at  a  right  angle  to  the  east- 
ward, but  the  depth  at  low  water  is  only  two  to  three  feet,  and 
the  width  at  ordinary  stages  has  widened  to  one  mila  On  both 
sides  of  the  rapids  the  rock  bluffs  rise  almost  immediately  from 
the  water.  The  river  on  the  rapids  continues  easterly  about 
two  miles,  then  turns  southward  and  maintains  this  direction 
until  all  the  rapids  are  passed  and  for  a  mile  beyQtvd\  tV\^\i 
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tuma  Boulhweat  until  the  mouth  of  the  Dea  Moines  River  is 
passed,  «nd  then  turns  southward  again. 

Thu  rock  diaappoara  in  the  bod  on  passing  Keokuk;  the 
wntcr  then  deepens,  flowing  ou  a  sandy  bed,  and  resumes  ite 
width  ol  nl>out  hali  a  mile  between  its  ordinnry  Imnks.  On 
the  rapids  there  are  no  conaidemble  or  permanent  iahinds,  but 
OS  vou  (-o  above  or  below,  vou  And  them  as  soon  as  the  rock- 
beil  is  left 

At  Warsaw,  three  miles  below  the  foot  of  the  rapids,  the  Car- 
bon! ft- ri»  us  rocks  show  in  the  bluffs,  and  so  does  the  unmodified 
glacial  drift,  covered  with  the  loeas.     (See  Diajjram  F  ) 

The  Mississippi  Valley  at  Warsaw  is  about  eight  miles  wide; 
part  of  it  a  sand  terraee,  but  most  of  it  subject  to  overflow. 

Proceeding  up  the  Dea  Moines  from  tlie  mouth,  we  leave  the 
limestone  strata  at  the  [>oint  tl  (Diagram  E),  and  do  not  meet 
with  it  again,  either  in  the  river  bed  or  bluffs,  rill  we  reach  the 
point  C,  where  we  find  it  in  both  places,  and  thence  all  along 
up  this  valley. 

In  this  distance  between  H  and  C  the  blufta  are  only  on  the 
left  bank  or  north  side,  and  the  material  appears  similar  to  that 
at  Madison  or  to  the  loess  at  Warsaw,  shown  in  Diagram  F.  If 
we  examine  the  valley  of  Sugar  Creek,  we  find  the  bluffs  cut 
down  as  low  as  on  the  Des  Moines  between  H  and  C,  and  all 
'  of  similar  material,  cl&y  and  sand,  but  no  rock  in  place.  Ker 
ciHiJd  wc-  find  on  any  nf  the  hran.-hep  between  ABC  niid  DEH 
any  rock  in  place  or  learn  ol'any.  Within  these  limiting  lines 
those  who  h;ive  dug  wells  for  water  find  it  without  reaching 
rock. 

At  tlie  place  marked  K  on  the  sand  terrace  a  well  fifty  feet 
deep  encountered  ni>  rw^k,  although  this  was  as  far  down  as  the 
level  of  low  water  in  the  river. 

The  width  of  the  main  valley  abctve  Fort  Madison  is  nearly 
the  same  as  below  Keokuk,  and  if  we  prolong  the  line  of  bliiif 
between  these  two  |>laees,  it  will  include  a  space  between  them 
wlierc  there  is  no  known  iix'k  tt>  eitti,  and  which  it  appears 
rensoniible  represents  the  ancient  channel,  since  filled  up. 

T/'i:  lofix  format-on. — Tliis  name  has  been  siiven  in  this  coun- 
try lo  a  fine  material  deposited  over  all  llie  other  formation:?, 
inclmiinf:  the  jilacial  depo.sits  near  the  river,  but  not  upon  tbe 
river  sand  and-jri-avcl  (erraecs,  which  are  thci-efore  the  more 
recent.  It  has  a  thick-ness  oi'  many  feet  in  ]iluccs.  It  is  gou- 
enilly  regarded  as  having  lieen  deposittnl  in  quiet  water.  In 
many  places  it  is  nearly  uniform  in  thieknes?,  conforminj.'  with 
the  jircviniis  irrcgiilarities  nf  tlK-  surface,  as  snow  lies  where  it 
has  not  .Irlfled.  This  would  be  hroujriit  about  by  a  silt  laden 
frcsli-waler  -■uiTont  sjireadiiig  nui.  over  one  more  dense  and 
qni.'t.  ll.rou;rh  whieh  the  fine  silt  dropped.  Such  eonditincs 
would  exi.'^t  in  s;ik  \iater,  and  the  silt  would  prevent  the  exist- 


I 


Q.  K,  Warren — VaUey  of  the  Minnesota  and  Mississippu    429 

eiice  of  many  kinds  of  marine  life,  and  would  contain  the 
animal  remains  brought  from  the  fresh-water  streams. 

The  margins  of  the  loess  deposits  are  not  well  defined,  and  do 
not  appear  to  have  been  investigated  as  they  should  be.  The 
deposit  is  well  shown  near  Bock  Island,  but  does  not  appear  as 
bi^h  up  as  Dubuque  (so  far  as  I  know).  It  extends  up  the 
Missouri  as  far  as  Sioux  Oity,  and  the  Missouri  Biver  made 
immense  deposits  into  the  body  of  water  in  which  the  loess  was 
laid  down.  From  the  absence  of  marine  fossils,  this  body  of 
water  has  been  regarded  as  fresh  and  without  connection  with 
the  Gulf  of  Mexico  except  through  an  outlet  Judging  by 
what  I  know  of  the  deposits,  I  should  think  it  did  not  connect 
with  our  present  Great  Lakes,  and  that  a  tongue  of  land  or 
promontory  separated  the  arms  extending  up  the  Mississippi 
and  Missouri  Bivers. 

The  streams  which  brought  this  fine  loess  material  which  has 
been  so  spread  out  must  have  brought  down  heavier  material 
along  the  bottom  that  fell  as  soon  as  it  reached  the  enlarged 
section,  just  as  rivers  make  their  deposits  of  heavy  material 
now  on  reaching  their  natural  receptacles.  A  most  interesting 
case  in  point  is  in  the  deposits  made  in  the  Great  Salt  Lake 
in  quaternary  times,  where  its  terraces  show  a  level  nearly  a 
thousand  feet  above  its  present  surface.  The  streams,  like  the 
Weber,  built  out  the  terrace  at  their  point  of  discharge  in  the 
fan  shape  of  a  river-bar  up  to  this  terrace  level  near  the  ancient 
shore,  and  extending  bacK  in  the  river  valley,  which  must  then 
have  appeared  as  a  fiord.  Although  the  ancient  Weber  Biver 
deposit  diminished  in  amount  as  it  extended  into  the  ancient 
lake,  3'et  it  terminated  quite  abruptly.  I  think,  then,  there 
is  good  reason  to  regard  the  blufif-deposits  at  Fort  Madison  and 
vicinity,  on  the  west  side  of  the  valley,  as  belonging  to  the 
loess  period,  and  not  to  glaciid  times.  These  deposits  are 
where  streams  would  bring  them  from  the  northwest,  while  the 
fflacial  deposits  seem  to  have  come  from  the  northeast.  This 
filling  up  of  the  ancient  valley  of  Keokuk  and  Madison,  and 
also  in  the  neighborhood  of  Bock  Island,  is  where  the  mouths 
of  considerable  rivers  probably  were  during  the  existence  of 
the  large  body  of  water  in  which  the  deposition  of  the  loess 
was  made. 

Formation  of  rapids  since  the  loess. — When  the  body  of  water 
of  the  loess  perioa  disappeared  and  the  emergence  of  the  land 
again  took  place,  the  Mississippi  did  not  r^ain  its  ancient 
channel,  but  cut  the  new  one  now  occupied.  These  rapids 
cannot  be  accounted  for  by  any  special  hardness  of  the  rocks, 
but  their  resistance  is  increased  because  of  the  dip  of  the  strata 
being  nearly  that  of  the  river-slope.  When  the  river  was  at  a 
higher  lev^  and  made  the  sweeping  bend  above  Montrose  so 
as  to  wash  the  loess  bluf^  but  little  more  erosion  would  V\a.^^ 
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been  required  there  to  have  carried  the  river  back  again  to  its 
ancient  cliaiinel  during  some  pxtraordinnry  floud,  and  yet  it 
might  have  been  that  the  new  channel  would  even  after  this 
remain  the  permanent  one  for  ordinary  stages. 

Such  an  explanation  as  this  may  "be  afiplieahle  to  the  cases 
ftt  Fountain  BliiS*  and  at  the  Grand  Chain  on  the  Mississippi 
juPt  above  the  mouth  of  the  Ohio,  and  to  the  almost  incompre- 
heumble  changes  of  course  in  the  Lower  Ohio  itseli,  shown  on 
the  general  map. 

Another  interesting  supposition  may  be  made  that  the  Missis- 
sippi in  the  last  terrace  period  miglit  have  succeeded  in  washing 
down  the  bluffs,  separating  it  near  Burlington  from  the  Crooked 
Creek  flowing  into  the  Illinois.  (See  Diagram  1,  9heel4)  The 
new  channel  would  have  double  the  descent  to  the  mouth  of 
the  Illinois  of  the  exixtin^  one,  and  we  might  have  gained  a  new 
course  for  the  river,  leavmg  a  larger  ancient  channel  occupied 
by  a  smaller  stream,  and  there  would  have  been  set  at  work  a 
new  cause  to  modify  all  the  valley  of  the  Illinois  River  and  all 
the  Missiasippi  above. 

Snmmarif  of  principal  points  presevled, — I  will  summarize  the 
principal  facts  that  seem  to  be  made  out  along  the  course  of  the 
Minnesota  and  Mimissippi : 

1.  That  the  Minnesota  Valle;  and  the  Missiaiippi  TaJlej 
above  tbe  Ohio  have  been,  as  a  rale,  formed  since  the  depo^tion 
of  the  jfliiL-ial  'irift.  for  this  exists  in  aiimoditied  and  mi^dified 
forms  in  the  bankn  of  the  river ;  and  that  the  Winnipeg  basin 
drained  out  soutliwartl  along  it, 

2.  That  tilt;  loess  deposits,  extending  up  to  the  neighl>orliood 
of  Saviinnali,  are  later  tlian  the  last  glacial  drift 

3.  Tiiat  cliannels  like  those  at  the  Des  Moines  Bapid^;  ami 
river  terraces  in  that  vicinity  are  more  recent  than  the  loess. 

Kxplmiatorij  hypotheses. — I  have  advanced  this  hypothesis  of 
southern  elevation  and  northern  ilepiession  several  times  before 
and  illustrated  its  eR'ect  on  the  Minnesota  and  on  tlie  Wisconsin 
Rivers,  and  in  the  fir.'^t  instance  considered  what  tlic  results 
would  be  in  contiguous  regions,  and  how  far  facts  seemed  to 
corres]ioud,  and  it  is  unnecessary  to  repeat  tliem  liere. 

The  liy]iotliesis  appears  to  be  in  aecoitlance  with  a  numher 
of  very  irrjporlant  facts,  and  is  consistent  with  observations  us  Xn 
S')Uthern  elevation  and  nortiiern  dejiressiou  now  going  on.  It 
ex]ilains.  by  one  widely  exerted  influence,  many  effect^  wliifli. 
on  the  gi-oiindsof  glacial  action  alone,  requires  many  special 
glaciers,  and  it  will  answer  as  an  explanation  of  the  eoraiiig 
on  and  disjippearance  of  the  loess  Ixwly  of  water,  and  lor  the 
chanirc  in  the  drainage  of  Lake  Winnipeg. 

I  think  this  change  of  relative  elevation  sontli  ami  depression 
nortli  has  been  pn>bab!y  reversed  at  some  periods,  and  repeated. 
This  is  important,  for,  if  we  can  show  that  any  movement  of 
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the  earth's  crust  is  a  recurrent  phenomenon,  it  may  help  us  to 
trace  out  its  cause. 

Approximate  practical  conclusions. — The  only  practical  con- 
clusion which  can  be  drawn  from  the  preceding  discussion  seems 
to  be  that  the  origin  of  the  excavation  of  the  valley  is  compara- 
tively modern,  and  that  it  was  from  the  operation  of  forces 
producing  probably  uniform  results,  and  in  a  way  that  we  have 
some  approximate  comprehension  of  it  in  general,  from  our 
knowledge  of  special  localities. 

Note. — ^Descriptions  of  the  best  known  sections  of  the  valley 
follow  in  the  report. 
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4.  Containing  Qttartz  or  not. — Since  quartz  is  the  most  uni- 
versal of  the  materials  of  rocks,  its  presence  is  least  entitled  to 
be  made  a  basis  for  distinctions  among  them.  In  sedimentary 
deposits,  the  original  of  many  of  the  crystalline  kinds,  it  is  a 
very  common  ingredient  owing  to  their  mode  of  origin,  and  its 
more  or  less  abundance  is  a  matter  of  no  great  geological  im- 
portance. Sufficient  reasons  exist,  therefore,  for  the  course 
pursued  by  recent  writers  on  lithology  in  making  the  presence 
or  not  of  quartz  even  in  crystalline  rocks  a  basis  only  for  a 
subdivision  under  a  hind  of  rock.  Thus  there  is  under  aioryte, 
quartZ'dioryte ;  under  trachyte,  quartz-trachyte;  under  felsyte, 
quartZ'Jelsyte ;  and  so  in  other  cases. 

Syenyte  is  defined  by  such  authors  as  consisting  chiefly  of 
orthoclase  and  hornblende.  Now  a  rock  made  prominently  of 
these  minerals  often  contains  also  quartz ;  and  the  name  for  the 
qaartz-bearing  kind,  which  a  system  of  lithology  using  the 
above-cited  terms  would  seem  to  require,  would  be  quarlz-syen- 
yte.  To  call  it  "  hornblende-granite,"  as  is  often  done,  is  at 
variance  with  the  system  which  uses  the  word  quartz  as  an  affix 
in  other  cases. 

This  term  **  hornblende-granite"  is  at  variance  also  with  the 
fundamental  idea  and  nature  of  granite.  Granite  is  eminently 
a  potash -bearing  rock.  The  feldspar  is  a  potash-bearing  species ; 
and  the  mica,  whether  muscovite  or  biotite,  yields  on  analysis 
little  less  potash  than  the  feldspar,  the  amount  being  eight  to 
twelve  per  cent  These  two  micas  are  both  present  in  most 
granite,  gneiss  and  mica  schist :  and  they  are  so  near  akin  that 
they  sometimes  occur  combined  in  a  single  crystal — the 
presence  of  a  little  iron  in  the  original  material  having  appar- 
ently determined  the  formation  of  the  latter  where  it  occurs. 
On  the  contrary  the  hornblende  of  such  rocka  ^onXaAxva  xjajoaSi."^ 
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\esi  tban  nne  per  ccDt  ot  alkalios,  and  rarely  in  any  kinds  over 
five  per  cent.  Looking  to  chemical  and  mineralogical  const!- 
tutioD — ibe  true  criterion  as  to  identity  among  rucka — the 
Btronely  drawn  line  is  between  the  mica-bearing  series  and  the 
born fiende- bearing  series.  Granite  belongs  to  a  mini  and  pcA- 
aak-feHipar  aeries;  and  syenyte,  whether  (juartzlees  or  quartz- 
bearing,  to  a  hornblende  and  potash ■feUbpar  series. 

Moreover,  the  original  syenyte,  from  Syene,  Egypt  (to  which 
the  name  "Byenites"  waa  applied  by  Pliny  and  other  ancient 
writers)  is  a  giiartz-beuring  "  syenites."  The  larger  pari  of  the 
syenyte  of  all  Archtean  regions  is  quartz- bearing.  The  quartz- 
leas  kind  is  aeldom  met  with  in  Eastern  North  America,  or,  as 
far  as  explored,  in  the  Rocky  Mountain  region.  There  are 
hornblende  granites;  but  these  are  granites  which  contain 
bornblenbe  tn  addition  to  the  mica  and  other  ingredients. 

Transitions  are  common  between  granite,  hornblende-granite 
and  quartz-bearing  syenyte ;  but  they  are  so  also  between  these 
and  quartzlees  syenyte,  between  syenyte-gneias  and  ordinary 
gneiss,  between  hornblende schistand  mica  schist,  and  between 
these  and  other  rocks.  They  are  throughout  lithology  a 
source  of  difficulty  in  characterizing  kinds  of  rocks,  as  already 
stated.  But  they  do  not  set  aside  the  fact  that  the  division 
between  the  micaand  potash-feldspar  series  and  the  hornblende 
and  potaab-feldepar  series  ia  the  moet  reasonable  on  mineraH-^ 
ogical  and  chemical  grounds. 

5.  Containing  ■'  Plagioclase." — The  fact  that  the  composition 
of  the  triclinic  feldspare  between  the  extreme  species  albite,  a 
poilium-aluminum  tersilieate,  and  anorthite,  a  calcium-alumi- 
num bisiHcate,  inaj-  be  explained  by  supi>osing  them  combina- 
tions of  these  species  through  isomorphous  substitutions  of  the 
tersilieate  and  hisilicale  (the  amount  of  sodium  present  deter- 
mining the  amount  of  tersilicnte  in  the  combination,  and  the 
amount  of  calcium  tliat  of  bisilicate)  was  immediately  followed 
by  the  assumption  tliat  the.^e  two  silicates  combined  imiejiniteiy, 
and,  therefore,  that  all  the  triclinic  feldspars  were  essentially 
one  species,  and  for  this  reputed  species  the  rame  phffioclase 
has  been  use<.i.  Some  ground  for  the  assumption  was  found  in 
the  analyses  of  the  fcld.spars;  but  how  much  w-is  uncertain, 
because,  in  several  cases,  mechanical  mixtures  of  one  species 
with  another  had  been  ascertained  to  exist  in  crystals.  Now 
that  Des  Cloizeaux  has  proved,  by  optical  investig,ations.  that 
several  of  the  species  of  triclinic  feldspars  are  really  species, 
that  i.s,  that  the  combinations  of  the  two  silicates,  the  tersilieate 
and  bisilicate,  are  based  on  definite  ratios,  as  in  combinations  in 
other  departments  of  chemistry,  and  tliat  there  are  not  indctinite 
blendings,  the  term  "  plagioclase"  has  become  merely  a  sy  nonyni 
for  "  triclinic  feldspar." 
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The  consequences  to  lithology  of  this  introduction  of  the 
term  "  pl^ioclase"  were  unfortunately  great  It  was  made  a 
sufficient  definition  of  a  rock  to  say  that  it  consisted  of  ^^plagio- 
clase  and  hornblende,"  "  plagioclase  SLud  augite,"  and  so  on ;  and 
this  is  now  common  in  recent  memoirs  on  rocks.  It  was  a  con- 
venient idea ;  for  an  examination  with  the  microscope  is  made 
in  a  hundreth  part  of  the  time  required  for  a  chemical  analysis. 

Now  this  word  **  plagioclase"  covers  compounds  varying  in 
the  silica  afforded  by  analyses  from  48  to  69  per  cent ;  and  in 
the  alkali  from  all  lime  (20  per  cent)  to  all  soaa  (12  per  cent.) 
Anorthite,  the  lime  feldspar,  is  not  oligoclaae,  even  if  to  the 
two  a  common  name  be  applied ;  they  still  differ  20  per  cent  in 
silica  (which  is  one-fifth  the  mass),  and  also  in  the  alkali  present 
Expressions  like  "consisting  of  plagioclase  and  hornblende,'* 
as  in  the  definition  of  dioryte,  have  consequently  an  immensely 
wide  signification ;  for  the  word  dioryte  is  made  to  cover 
oligioclase-dioryte,  labradorite-dioryte,  and  anorthite-dioryte. 

This  confounding  of  things  thus  unlike  may  be  called  sim- 
plifying the  science  of  lithology;  but  it  is  a  confounding  of 
important  distinctions  in  the  view  of  those  who  are  interested 
in  a  definite  knowledge  of  rocks,  and  in  the  important  geologi- 
cal questions  connected  with  their  constitution.  Some  litholo- 
gists  recognize  the  bearings  of  such  questions,  and  use  the 
qualified  terms  for  the  kinds  of  dioryte  above  cited.  But  the 
most  recent  turn  is  in  the  other  direction.  Rosenbusch's 
learned  work,  the  latest,  says  that  the  rocks  of  the  "  family"  of 
diabase  consist  of  "plagioclase  and  augite,''  and  that  the  feld- 
spars, oligoclase,  labradorite  and  anorthite  have  been  observed 
in  them.  Dioryte  is  defined  as  a  "family''  of  older  roclcs  con- 
sisting essentially  of  "  plagioclase  and  hornblende."  Had  the 
different  kinds  of  rocks  embraced  in  these  families  been  sepa- 
rately stated  and  described,  the  account  might  have  been  satis- 
factory. But,  under  both  diabase  and  dioryte,  the  term  "  pla- 
fioclase"  is  used  as  if  sufficiently  defined  in  itself,  and  under 
ioryte  it  is  given  with  its  aggregate  signification  alone,  no 
mention  being  made  of  the  particular  feldspar  the  dioryte  of 
different  localities  contains.* 

If  a  dioryte  happens  to  be  porphyritic,  it  is  at  once  put  into 
the  grand  division  of  dioryte-porphyry,  when  the  only  distinc- 
tion may  be  that  the  feldspar  is  in  defined  crystals,  the  chemical 
and  mineralogical  constitution  being  identical.  But  if  the  feld- 
spar of  one  dioryte  contains  twenty  per  cent  of  silica  more  than 
another  and  no  soda  at  all,  it  is  still  all  dioryte. 

*It  should  be  here  acknowledged  that  Rosenbusch's  very  valuable  work  bears 
the  title  "  Mikroskopische  Physioifraphie  der  massigen  Gesteine"  so  that  it  does 
not  daim  to  cover  the  subject  of  the  chemical  or  mineralogical  constitution  of 
rodca 
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In  geology,  it  is  esseiilini  to  a  thorough  study  of 
tions  It  has  beTore  it  that  the  kinds  of  leldsjmra  should 
masaed  under  a  common   name;   and  that  ia  every  case  the 
investigation  should  be  considered  unfinished  until  not  merely 
the  amount  of  silica  in  the  rock  is  accurately  ascertained,  but 
also  the  particular  species  of  feldspar   is  correctly  and  fuUj,, 
determined,  however  great  the  labor  required  to  reach  a  concli 
sion.     The   use  of  the  term  plagioclase  in  such  a  case  is  a 
acknowledgment  of  incomplete  work,  and  should  be  so  treatad?! 

But  the  objection  to  the  upe  of  the  term  "plagioclase"  is 
still  stronger  than  has  been  stated.  It  now  includes  not  only 
the  aoda-lime  feldspars  from  anorthile  to  albite  inclusive,  bat 
also  part  of  iK)'a«A-fcldspar.  The  establishment,  on  an  unques- 
tionable basis,  ofBreithnupt's  mivrodine  by  Des  Otoizeaux,  and 
his  further  observations  tnat  this  triclinic  potash-feldspar  is  a 
very  common  mineral,  much  of  what  was  supposed  to  be  ortho- 
close  belonging  to  it,  has  extended  the  range  of  "  plagioclase," 
until  it  is  now  almost  an  equivalent  of  the  general  term  feldspar, 
so  that  "plagioclase  and  hornblende"  hat^,  as  to  chemical  consti- 
tution, the  same  signification  now  v\i\\  feldspar  and  hornblende,, 

6,  Bodts  cmisistivg  of  a  triclinic  fe'dspar  and  mica. — The  tei 
dioryte,  formerly  defined  as  a  rock  consisting  of  oligoclase  . 
albite  and  hornblende,  has  been  introduced  into  the  name  of 
Bieriea  of  rocks  containing  no  hornblende,  but  mica  ins 
Thus  ;  "  m'<co.iti;ryt'i'  i?  d.:lini-d  !is  n.  "  pl.'irri.x-hi.^e-mii'a  mek"  m 
whii-li  mica  i.s  ,-^uiisl.itul,-.l  jnnlly  or  wliollv  for  liomblenik-,  :md 
it  is  called  miea-diorytc  whichever  of  the  triclinic  fekUpars  be 
present,  even  if  anorthile.  This  change  in  the  use  of  the  name 
dioiyie  sous  to  include  a  rock  containing  no  hornblende,  makes 
"plagioclase"  the  essential  constituent,  and  places  mica  ami 
hi)niblende  in  a  subordinate  i>osition,  as  the  heads  onlv  of  sub- 
division.". 

The  remarks  made  rei!|.>ccting  syenyte  apply  equallv  here; 
and  also  those  respecting  ■'  plagicwlase."  A  mica-diory  te  is,  like 
granite,  eminently  an  alkalr-3"i elding  vock,  the  mica  (biotilo) 
liltimling  usually  ten  per  cent  of  potash  ;  and  as  granites  often 
C'>ritain  oligoclase  as  well  as  orthoclase,  the  amount  of  potash 
and  soda  in  a  "  mica-diory  te"  and  a  granite  may  not  be  verv 
widely  different.  Dioryte,  on  the  contrary,  is  prominently  a 
hornblende  rock. 

Looking  to  the  mineralogical  and  chemical  constitution  of 
the  rocks,  we  are  naturally  led  to  rect^nize  along  side  of  a 
mica  and  potash feklmnr  series,  which  is  headed  oy  granite, 
al.so  a  mica  and  aoda-hme  feldspar  series,  and  to  include  in  the 
latter  the  so-called  micadiorytes. 

7.  Homblendic  or  .4i(^i'(ic.— Hornblendic  and  augitic  rrjck:: 
.'Stand  apart  as  a  general  thing  in  all  systems  of  lithology.     Yet 
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the  minerals  are  essentially  identical  in  chemical  composition, 
and  related  in  crystallization,  though  different  in  their  occurring 
crystalline  forms  and  in  the  angle  of  the  cleavage  prism.  The 
identity  in  composition  is  so  close  that  chemical  analysis  is  not 
able  to  distinguish  them.  Hence  the  related  eruptive  rocks  of 
the  hornbjendic  and  augitic  series  (or  those  containing  the  same 
species  of  feldspar  in  like  proportions)  must  have  originated  in 
material  of  essentially  the  same  chemical  composition.  The 
relation  between  the  two  minerals  is  thus  far  closer  than  between 
the  triclinic  species  of  feldspars. 

Nevertheless,  too  much  importance  is  not  given  them  when 
each  is  made  distinctive  of  an  independent  series  of  rocks ;  for 
the  very  wide  extent  to  which  augitic  rocks  retain  anvaryinglv 
their  augitic  characters — such  rocks  constituting  full  two-thircls 
of  the  earth's  eruptive  masses — shows  that  the  special  conditions 
producing  augite,  instead  of  hornblende,  whatever  they  are, 
nave  often  acted  on  a  vast  scale  in  the  earth's  history.  And 
so,  also,  the  very  wide  distribution  of  hornblendic  rocKS,  espe- 
cially among  the  metamorphic  kinds,  is  evidence  of  a  like  com- 
prehensive mfluence  of  the  conditions  needed  to  make  horn- 
blende in  place  of  augite.  The  geological  importance  of  the 
distinction  is  reason  enough  for  recognizing  it  in  lithological 
systems. 

8.  Massive  or  Schistose. — Massive  structure  is  often  madejonma 
facie  evidence  of  igneous  origin.  Granite,  with  hardly  a  ques- 
tioning thought,  has  usually  oeen  placed  solely  among  eruptive 
rocks.  The  igneous  origin  of  dioryte  even  now  is  hardly  left 
open  to  investigation  by  some  lithologists.  Serpentine  has  been 
in  the  same  category,  though  at  present  there  are  advocates  of 
its  metamorphic  origin.  And  so  other  massive  rocks  are  too 
likely  to  be  set  down  as  eruptive  without  a  fair  investigation. 
No  two  rocks  are  put  farther  apart  in  some  lithological  systems 
than  granite  and  gneiss ;  and  yet,  none  are  more  closely  related 
in  constitution  and  all  essential  characteristics. 

The  following  are  reasons  for  disregarding  this  distinction  of 
massive  or  schistose  in  classifying  rocks,  and  for  allowing  a 
massive  structure  little  weight  in  deciding  the  question  as  to 
eruptive  or  metamorphic  origin. 

(1.)  Massive  rocks  may  be  both  metamorphic  and  eruptive. 
Granite,  syenyte,  with  dioryte  and  other  hornblendic  rocks,  are 
examples  of  massive  rocks  that  are  of  both  modes  of  origin. 
Many  localities  where  kinds  of  these  rocks  occur  metamorphic 
have  been  described.  I  will  mention  two  or  three  from  the 
many  I  have  observed  in  New  England,  (a)  Ten  miles  east  of 
New  Haven,  Connecticut,  in  a  railroad  cut  at  Stoney  Creek,  a 
bed  of  granite,  having  a  small  noi*thward  dip,  changes  gradually 
to  gneiss,  and  then  to  gneiss  with  some  very  micaceous  mica 


■  486  J.  D.  Dana  on  some  points  in  Lithology. 

scbiat,  so  that  within  thirty  yards  from  east  to  west  these  tliree 
rocks  are  found  conatitating  the  same  bed  ;  and  the  granite  is 
a  part  of  the  general  gneissic  formation  of  the  region,  (i)  The 
Iftoradoritedioryte  two  miles  west  of  New  Haven  graduates 
rather  abruptly  above  and  behiw,  and  also  laterally,  from  a 
masBivo  rock  into  a  slaty  chloritie  mica  schist,  and  does  this  so 
often  and  variously,  that  there  is  no  reason  for  questioning  its 
metamiirnhic  origin,  (c)  A  hornblende  (or  actinolite)  rock, 
just  northeast  of  BerasMston,  of  a  massive  kind,  ocirurs  among 
thin  schistose  beds  of  mica  schist  and  homblendic  schist  and  \i 
part  of  a  series  o£  melaraorphic  strata.  From  a  hand  8^>ecimen 
either  of  these  rocka  would  be  pronounced  eruptive ;  but  obser- 
vation in  the  field  proves  that  they  are  not  sa 

(2.)  Orrlain  kiwb  of  mineral  corutitiienla  are  almost  surf  la 
make  a  matsive  metttmorpkic  rock  vih^n  the  process  of  melamor- 
phiain  is  one  attended  wiui  muck  heaL  Hornblende  and  aiii;ite 
arc  minerals  of  this  kind.  Both  are  rather  fusible,  and  crystal- 
lize readily,  so  that  heat  easily  obliterates  all  traces  of  berfding. 
This  principle  alone  will  account  for  the  fact  that  the  rocks 
northeast  of  Bernard ston,  alluded  to  above,  are  massive 
wherever  hornblende  is  the  chief  ingredient  It  explains  also 
the  existence  of  the  massive  labradorite-dioryie  among  the 
schists  nest  of  New  Haven.  Feldspar  also,  when  alone,  or 
accompaoied  by  qaarts  withoat  any  associated  mica  {as  in  fi^  J 
ayte,  quartz-felsvte,  granulyte).  is  almost  cure,  under  the  circnm- 
stancerf  mentioned,  lo  make  a  rock,  with  the  bedding  obliter- 
ated, in  other  wml?.  ii  ma.'^sive  nwk  ;  and  only  with  a  low 
degree  of  heat  in  tlie  mctumorphism,  would  any  original  bed- 
ding be  retained.  And  even  if  hornblende  is  present,  there  is 
the  same  tendency  to  massive  forms.  Serpentine  is  another 
species  that  makcri  almost  necessarily  a  massive  rock,  whatever 
the  method  of  origin,  because  the  mineral  has  nothing  in  its 
structure  tluu  favors  any  other  condition. 

(3.)  Pinfx'ire  may  he  a  suurceo/schi.itcsi/y  or/oliali'o'i,  and  it  ma<j 
aUn  'Mil'-rnte  licldhi;j.  On  the  lii-st  of  these  points  illnstration 
is  not  necessary.  As  t<)  the  second,  there  are  many  examples  in 
the  cry-stallinc  limestone  region  of  Western  New  England,  both 
in  Vermont,  Massachusetts  and  Connecticut.  At  West  Rutland. 
Vermont,  as  tii-st  obscrvetl  by  Prof.  Edwartl  Hitchcock,  manv 
limestone  beds  have  been  cemented  by  the  pressure  which  gave 
them  their  high  dip  int^i  a  bed  of  great  thicknei^s,  so  that  masses 
as  lar^e  as  a  moderate-.-jizeil  house  could  l)e  cut  out  if  ncedeil. 
The  component  beds  are  easily  distinguished  in  the  snuthcni- 
most  of  tlic  three  <|uarries.  Moreover,  in  t!ie  middle  of  the 
same  valley  the  metamorphism  of  the  limestone  stratum  was  rut 
complete  enough  to  obliterate  the  fossils— shells,  corals  and 
crinoid.-i  being  distinguishable;  so  that  there  could  have  been 
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no  fusion  to  produce  the  coalescence.  As  this  welding  of  beds 
is  so  perfect  m  the  limestone,  it  is  reasonable  to  believe  that  a 
similar  cause  may  have  acted  in  the  case  of  feldspathic,  horn- 
blendic  and  augiti^  rocks,  without  even  the  aid  of  incipient 
fusion. 

(4.)  The  sedimentary  beds  which  have  been  converted  into  crystal- 
line  rocks  were  often  originally  massive. — This  is  the  condition  of 
most  conglomerates,  and  often  of  coarse  sandstones.  In  such 
cases  there  would  be  no  bedding  to  obliterate ;  and  the  produc- 
tion of  a  massive  rock  would  be  a  natural  result  of  the  meta- 
morphism,  whether  the  heat  attending  it  were  great  or  small. 
Part  of  the  metamorphic  granite  of  the  world  »may  therefore 
never  have  been  in  a  pasty  state ;  and  so  also  part  of  the  meta- 
morphic hornblende  rocks ;  some  metamorphic  felsyte  beds,  cer- 
tainly those  that  are  of  conglomerate  origin,  were  originally 
massive. 

There  is  hence  reason  enough  for  neglecting  the  distinction 
of  massive  and  schistose  in  drawing  out  a  system  or  classifica- 
tion of  rocks,  and  for  making  the  question  of  origin  in  the  case 
of  either  kind,  the  massive  no  less  than  the  schistose,  a  subject 
for  careful  investigation. 

9.  Metamorphic  or  Eruptive. — The  question  whether  a  crystal- 
line rock  is  metamorphic  and  inplace,  or  eruptive,  is  of  the  high- 
est geological  interest;  for  it  is  a  question  as  to  origin.  At  the 
same  time,  no  subject,  if  we  exclude  the  part  of  metamorphism 
relating  to  the  obviously  schistose  rocks,  is  in  so  unsatisfactory 
a  state.  With  some  authors,  as  above  intimated,  the  question 
so  far  as  it  relates  to  massive  crystalline  rock  is  not  an  open 
one.  On  the  other  hand,  when  investigation  has  taken  place, 
opposite  opinions  have  generally  been  reached.  The  remedy 
of  this  is  to  be  found  in  more  thorough  study  from  a  wider 
basis  of  facts. 

Were  the  question  in  all  cases  rightly  decided,  lithology 
would  be  able  to  study  and  compare  the  two  series,  and  give 
greater  completeness  and  higher  geological  value  to  the  descrip- 
tions of  rocka  Applying  diflferent  names  to  the  like  rocks  m 
the  two  series  is  not  necessary,  unless  there  is  some^strong  geo- 
logical reason  in  favor  of  it ;  for  when  a  rock  occurs  both  meta- 
morphic and  eruptive  the  fact  is  best  exhibited  if  that  rock  has 
but  one  name.  The  writer  has  proposed  to  distinguish  the 
metamorphic  under  any  kind  of  rock  by  adding  to  the  name 
the  prefix  meta;  for  example,  dioryte  for  the  eruptive  and 
metadioryie  for  the  metamorphic  part.  But  meta  is  here  used 
simply  as  an  abbreviation  of  the  word  metamorphic,  not  to  indi- 
cate a  difference  of  kind  in  the  rock. 


FJ.  D.  JJaiia  on  some  points  in  Lidiohnjij.  ^| 

CoNCLDSlONa.  ■ 

The  priDcipal  points  with  regard  to  rocks  which  have  been 
brought  out  in  this  pai»er.  are  the  following. 

1.  The  necessities  of  the  science  of  Geology  cfinstitute  the 
most  promiDent  motive  for  distinguishiDg  kinds  of  rocks; 
and  they  should  determine  to  a  large  extent  upon  what  charac- 
tere  distinctions  should  be  based. 

2.  Ill  determining  the  rocks  to  be  grouped  as  one  in  kind 
under  a  common  name,  near  identity  in  the  chemical  and  min- 
eral composition  of  the  chief  constituentA  18  the  main  point  to 
be  conaiaered  ;  not  near  identity  in  their  crystalline  forms,  for 
isomorphism  presupposes  diversity  of  composition, 

3.  Distinclion  of  kind  should  be  based  on  ditlerence  in  chem- 
ical and  mineral  constitution  as  regards  the  chief  constituents. 
When  such  difference  exists,  roeks  are  different  in  kin<i,  and 
need,  for  the  purposes  of  geology,  distinct  names.  If  it  does 
not  exist,  the  distinction  is  only  that  of  variety :  unless  (as  In 
the  case  of  trachyte  and  felsyte),  the  very  wide  extension  of  the 
rock  under  persistent  characters  makes  a  distinction  of  name 
important  to  geology. 

4  It  follows  frfjm  the  preceding,  that  differences  in  texture; 
as  coarse,  or  fine,  or  aphanitic ;  porphyritic,  or  non-porpbyritio ; 
stoney  throaghotit,  or  ha'nng  nDindiriduslised  poraoos  amcmg  % 
the  ?toney  srrains :  iind  differences  in  micniscopic  inclnsionp :  are 
no  basis  for  a  distinction  of  kind  among  rocks,  but  only  of 
vari--tij :  and  that  porphynlic  Hrurtnre  is  of  hardly  more  con;*- 
quciii-e  than  coarse  or  fine  granular. 

6.  No  marked  change  in  tlie  constituents  of  the  earth's 
erupted  innteriiii  occurred  after  the  elose  of  the  Cretaceous 
]>eriod,  or-just  before  the  commencement  of  the  Tertiary  era; 
anil,  hence,  no  ground  exists  for  the  distinction  of  "older"  and 
'■younger"  amonj;  eruptive  r(K;k.s.  The  "younger"  eruptive 
rocks  are  essentially  like  the  "oliler"in  chemical  composition 
and  their  chief  mineral  constitucuts;  and  they  differ  when  iii 
all  only  in  texture  and  some  other  points  of  as  little  impm-tanoe 
— qualities  that  distinguish  merely  varieties,  and  which  have 
pnweeded  from  greater  prevalence  in  these  later  times  of  sub- 
aerial  eruptions. 

6,  Since  "  plagioclase"  is  not  the  name  of  a  minora!  specie?, 
— several  minerals,  of  widely  different  compositions  beinir 
embraced  under  it — it  is  a  confounding  of  differences  and 
rfscniblances  to  speak  of  it  as  a  constrtuent  of  a  rock.  And 
since  it  now  includes,  through  the  defining  of  the  Icldsjtar 
microclinc,  a  large  part  of  potjish  felds[>ar,  which  had  been  su|t- 
poscil  to  be  orthoclase,  it  hits  become  almost  synoTiymous  with 
the  term   feldspar.     The    "'siniplieity"  its  adoption  has  been 
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supposed  to  give  to  lithological  system  would  be  greater  if  "  feld- 
spar" were  substituted,  and  with  its  present  range  of  constitu- 
tion, the  evil  would  be  hardly  less. 

7.  Rocks  differing  mineralogically,  and  not  chemically,  like 
related  homblendic  and  augitic  rocks  (the  minerals  hornblende 
and  augite  being  dimorphous),  are  rightly  made  distinct  rocks, 
since  the  difference  has  depended,  to  a  large  extent,  on  wide- 
reaching  geological  operations  or  conditions,  and  is,  therefore, 
of  great  geological  signficance. 

8.  Since  quartz  is  the  most  widely  distributed  and  therefore 
the  least  distinctive  of  the  minerals  of  rocks,  it  may  rightly  be 
r^arded  as  of  subordinate  importance  in  the  distinguishing  of 
rocks,  and  hence  not  only  such  names  as  dioryie  and  quariz-dio- 
ryie^  trachyte  and  quartz-trachyte^  etc.,  are  acceptable,  but  also 
syenyte  and  quartz-syenyte, 

9.  Biotite  being  closely  like  muscovite  in  composition,  and  not 
less  common  than  it  in  granites,  gneisses  and  mica  schists,  and 
being,  moreover,  unlike  the  mineral  hornblende  in  chemical 
constitution  and  formula,  the  rocks  in  which  biotite  is  a  chief 
constituent  cannot  rightly  be  put  in  the  same  group  with 
hornblende  rocks;  or  those  in  which  hornblende  is  a  chief 
constituent  in  a  group  of  mica-bearing  rocks.  Consequently 
the  name  "mica-oioryte,"  for  a  ro(ik  containing  no  hornblende, 
and  the  name  "hornblende-granite"  for  a  rock  containing  no 
mica  but  hornblende  instead,  imply  alike  false  relation& 

The  discussion  suggests  the  following  additional  remark : 
The  incapabilities  of  the  microscope  and  polariscope  have 
favored  the  use  of  the  term  "plagioclase,"  and  have  led  some 
investigators  to  overlook  or  slight  distinctions  in  chemical 
constitution.  Lithology  is  to  receive  hereafter  its  greatest 
advances  through  chemical  analyses ;  for  chemistry- alone  can 
clear  away  the  doubts  the  microscope  leaves,  and  so  give  that 
completeness  to  the  Science  of  Rocks  which  geology  requires 
for  right  and  comprehensive  conclusion& 

Moreover  the  researches  made  in  the  laboratory  to  be  of  real 
geological  value  should  be,  if  possible,  supplemented  by  inves- 
tigations in  the  field  as  to  transitions  among  the  rocks,  and  as 
to  other  kinds  of  relations.  This  field  work  has  often  been 
well  done,  but  not  so  by  all  lithological  investigators. 

The  principles  presented  lead  to  the  following  subdivisions 
in  an  arrangement  of  crystalline  rocks,  exclusive  of  the  Calca- 
reous and  Qnsirtzose  kinds.  Since  leucite  is  a  potash-alumina 
silicate,  like  orthoclase  and  microcline  (it  affording  twenty  per 
cent  or  more  of  potash),  it  is  here  referred  to  the  same  group 
with  the  potash  feldspars ;  and  nephelite,  sodalite  and  the 
saussurites  being    eminently   soda-bearing  species,   they   are 
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with  the  Eods-lime  feldspars  (anorthite  to  albite^  I 
Ttnt  nierence  for  lithological  purposes  of  these  minerals  is  sua- 
tained  by  their  resemblance  to  the  feldspars  in  conetituenU, 
and  also  in  Uie  quantivaleot  ratios  between  the  alkalies, 
aliimiRA  and  silica,  tills  ratio  being  in  leucite  1:S:8,  aa  in 
andeiiile,  and  in  sodalite  aod  nepheliie  1 : 3 : 4.  as  in  anorthite. 
The  terra  potash  fetd»par,  as  used  in  the  headings  below,  ia 
bcncfi  to  be  understood  as  covering  orthoclase,  microcline  and 
leucite  ;  and  sodaUim  feldspar,  as  including  the  triclintc  feld- 
enars  from  anorthite  to  aJbite,  and  also  nephelite,  sodaliie  and 
tne  aauasnritts. 

The  arrangement  is  as  follows.  In  the  lirst  series,  the  rocka 
graduate  into  kinds  which  are  all  feldspar,  and  into  others  that 
are  all  mica;  and  yet  the  arooitnt  of  potash  present  is  approxi- 
mate! v  the  same. 

L  'I'hk  Mica  and  Potash  Feldspar  Series:  including 
GraniU>,  Oranulyte,  Gneiss,  Protogine,  Mica  schist,  elo,,  Fd- 
syto.  Trachyte,  etc,  and  the  Leucite  rock  of  Wyoming.  ] 

11.  TseMica  and  Soda-Lime  Feldspak  Series:  inclod-  ' 
ing  Korsantite,  Einzigite;  and  the  nephelitio  kinds  Miascvte:, 
Diiroyte,    Pbonolyte,    etc,      (These    nephelitic    kinds    belong 
almnst  as  well  iu  the  preceding  series). 

IIL  The  HoBNBL.ENDi:  and  PotASH  Felispab  Series:^, 
including  Syenyte  {with  Quarte-syenyte),  Syonyte-gneias,  Honi' 
M'lulc  si'hisl,  Ajnphibolvlf.  Unsikvifl  (thif  lai^t  containinif  epi- 
.I..1,.  iu  j.|,.o-  ..A  liunihk'h.k-i;  :iiid  {1k'  .iej..iR-lillo  M.eck-:^  Zux-ou- 
Syeii.vle.  Fnyayte. 

]\'.  TnK  IIuHXiii.ENiiK  AXi)  SoDA-LiM?;  Fki.dspar  Series: 
ifKludiiif:  Dicirvte  l\\\l\\  Propylv  te).  An.lfsvte.  Labradinrvte  (or 
LaliriiilMiMlicrytL-),  t-tc,  and  TJie"  saus.^iirite  rock,  Enpliotide. 

V.  TiiK  I'viKiXKNii  AND  PoTASU  Feldspah  Sekies  :  includ- 
i,,..  A,„|il.i..oi.vt,., 

VI.  'I'llK    P'iKOXKNE     AND    SoDA-LlJIE    FELDSPAK    SeHIES  : 

iii.-lmiiii,-  Augile-AiidL'syte.  Noryte(Hy|ier.stheiiyte  and  Gahhra 
ill  pari).  IIv|ier.sthenvle  (contaitiini:  true  hv|H'rstlieno),  Dolervte 
((.■niti|irisiii^  ]!a:ialtand  Diabase),  Nephciii'iyto,  etc. 

\'II.  PvKoxENK.  Garnet,  Epidotk  and  Chrysolite  Rocks, 
i.'dNiAiNiNi;  i,nTi,E  oa  NO  Feldspar:  inoludiug  Pvroxenyte, 
I,lii'i/i>!vii-.  U:iniijt\tc  (Garnet  rook),  Eelogvle,  "Epidosvio, 
(Jhrv.-ofyti.-  or  Diiriyt.'  (Clji'ysolite  rock),  etc. 

VflL  IIvDROLs  Magnehian  and  Aluminoi'.s  Rocks,  con- 
TAiNiNti  LITTLE  oii  NO  FeT-d-SPar  :  including  Chlorite  schi.^t, 
Talfosc  .<cliist,  Serfientine,  Ophiolyte,  Pyropliyllite  schist,  etc. 
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A'RT.  LIL — On  the  Equilibrium   of  Heterogeneous  Substances; 
by  J.  WiLLARD  GiBBS.*    Abstract  by  the  author. 

It  is  an  inference  naturally  suggested  by  the  general  increase 
of  entropy  which  accompanies  the  changes  occurring  in  any 
isolated  material  system  that  when  the  entropy  of  the  system 
has  reached  a  maximum,  the  system  will  be  in  a  state  of  equi- 
librium. Although  this  principle  has  by  no  means  escaped 
the  attention  of  physicists,  its  importance  does  not  appear  to 
have  been  duly  appreciated.  Little  has  been  done  to  develop 
the  principle  as  a  foundation  for  the  general  theory  of  thermo- 
dynamic equilibrium. 

The  principle  may  be  formulated  as  follows,  constituting  a 
criterion  of  equilibrium : 

I.  For  the  equilibrium  of  any  isolaitd  system  it  is  necessary  and 
sufficient  that  in  all  possible  variations  of  the  state  of  the  system 
which  do  not  alter  its  energy^  the  variation  of  its  entropy  shall 
either  vanish  or  be  negative. 

The  following  form,  which  is  easily  shown  to  be  equivalent 
to  the  preceding,  is  often  more  convenient  in  application: 

IL  For  the  equilibrium  of  any  isolated  system  it  is  necessary  and 
sufficient  that  in  all  possible  variations  of  the  state  of  the  system 
which  do  not  alter  its  entropy^  the  variation  of  its  energy  shall 
eiHier  vanish  or  be  positive. 

If  we  denote  the  energy  and  entropy  of  the  system  by  e  and 

respectively,  the  criterion  of  equilibrium  may  be  expressed 
y  either  of  the  formulae 

{^V)e  ^,  (1) 

(^f)i/^0.  (2) 

Again,  if  we  assume  that  the  temperature  of  the  system  is 
uniform,  and  denote  its  absolute  temperature  by  /,  and  set 

^'  =  £-^//,  (3) 

the  remaining  conditions  of  equilibrium  may  be  expressed  by 
the  formula 

m)t^Q,  (4) 

the  suffixed  letter,  as  in  the  preceding  cases,  indicating  that  the 
quantity  which  it  represents  is  constant.  This  condition,  in 
connection  with  tl»at  of  uniform  temperature,  may  be  shown  to 
be  equivalent  to  (1)  or  (2).  The  difference  of  the  values  of  ^ 
for  two  different  states  of  the  system  which  have  the  same 
temperature  represents  the  work  which  would  be  expended  in 
bringing  the  system  from  one  state  to  the  other  by  a  reversible 
process  and  without  change  of  temperature. 

*  Transactions  of  the  Connecticut  Academy  of  Arts  and  Sciences,  vol.  iii,  pp. 
108-248  and  343-524. 
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If  ihe  BTstein  is  iix^pabte  of  tbermal  clianges,  like  the  sys- 
tems coDsidered  in  theor«Uciil  niecfaaoics,  we  mar  regxni  tbe 
entropy  as  baring  Uie  ooosUnt  value  zero.  CondiUoos  <2)  and 
(4)  ma^  tben  be  wriUen 

and  are  obriouslv  identical  in  signilication,  since  id  tbis  case 

CoDditioiu  (S)  and  (4).  aa  criteria  of  equilibriaro,  m»y  there- 
fore both  be  regarded  as  extensions  of  the  crilerioo  employed 
in  ordinary  statics  to  tiie  more  general  case  of  a  tbenuody- 
namic  system.  In  fact,  each  of  the  quantities  — c  and  — ^ 
(relutiug  to  a  system  wilfaont  sensible  motion)  may  be  regarded 
aa  a  kind  of  force- fnoctiun  for  the  system, — the  former  as  the 
force-function  for  coiiaUtnt  enlmpy,  (i,  e.,  when  only  such  states 
of  the  system  are  considered  as  have  the  same  entropy.)  and 
tbe  latter  as  tbe  force-functaon  for  constant  temperaiure,  (i.  e., 
when  uidy  such  states  of  the  system  are  considered  as  have  the 
same  uniform  temperatnre). 

In  the  deduction  of  the  mrticular  conditions  of  equilibriam 
for  any  system,  tbe  general  Ibrniula  (4)  has  an  evident  advan- 
tage over  (1)  or  (2)  with  respect  to  the  brevity  of  the  processes 
of  reduction,  since  the  limitation  of  constant  temperatare 
'implies  to  every  part  of  the  system  taken  sefjorately,  oad 
dirriiriishe?  hv  one  tlip  ntimher  of  independent  variations  in  the 
state  of  these  parts  wliieh  we  have  to  consider.  Moreover,  the 
tran.'^itioti  from  tlic  ."v^iterii,-;  eonsidered  in  onlinarv  ineuhanics 
to  iherniodynami:;  systems  is  most  naturally  made  hy  this 
fonmilii,  siiic-e  it  luij^  alwavs  been  eiistoinitrv  to  ajtplv  the 
priiK-iples  of  theoretical  mech:mies  to  real  systems  on  ilie  sup- 
position (uion;  or  lesH  ilistinetjy  conceived  and  exjiresseii)  liial 
the  tem]>erature  of  liic  system  remains  constant,  the  mechaiiie.il 
]iroii(-riies  of  a  tliernio<lyna»iic  system  maintained  at  a  eonstaiit 
teiii|icraturt'  bciii|Lf  hneli  as  might  be  imagined  to  belong  to  a 
jiuri'lv  meehanieal  system,  and  admitting  of  representation  bv 
a  (oive-funetioii.  as  follows  ilirectlv  from^hc  fiuutaniental  laws 
ortliennodyuiuiiies. 

N'ltivitlistanding  these  considerations,  the  author  has  pre- 
ferred in  general  to  use  eoniiitioii  (2)  as  tlie  eriterion  of  eijui- 
librinin,  believing  that  it  would  be  useful  to  exhibit  the  eoo- 
ditiiinsi>f  efiuilil>rium  of  therniodynamic  systems  in  connection 
witli  ll]o-e  qnantitifs  which  ai-e  most  simple  and  nio.-t  general 
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Equilibrium  of  masses  in  contact — The  first  problem  to  which 
the  criterion  is  applied  is  the  determi nation  of  the  conditions 
of  eauilibrium  lor  different  masses  in  contact,  when  uninflu- 
encea  by  gravity,  electricity,  distortion  of  the  solid  masses,  or 
capillary  tensions.  The  statement  of  the  result  is  facilitated 
by  the  following  definition. 

If  to  any  homogeneous  mass  in  a  state  of  hydrostatic  stress 
we  suppose  an  infinitesimal  quantity  of  any  substance  to  be 
added,  the  mass  remaining  homogeneous  and  its  entropy  and 
volume  remaining  unchanged,  the  increase  of  the  energy  of  the 
mass  divided  bv  the  quantity  of  the  substance  added  is  the  poten- 
tial for  that  substance  in  the  mass  considered. 

In  addition  to  equality  of*  temperature  and  pressure  in  the 
masses  in  contact,  it  is  necessary  for  e(juilibrium  that  the 
potential  for  every  substance  which  is  an  independently  varia- 
ble component  of  any  of  the  different  masses  shall  have  the 
same  value  in  all  of  which  it  is  such  a  component,  so  far  as 
they  are  in  contact  with  one  another.  But  if  a  substance, 
without  being  an  actual  component  of  a  certain  mass  in  the 
^iven  state  of  the  system,  is  capable  of  being  absorbed  by  it. 
It  is  sufficient  if  the  value  of  the  potential  for  that  substance 
in  that  mass  is  not  less  than  in  any  contiguous  mass  of  which 
the  substance  is  an  actual  component.  We  may  regard  these 
conditions  as  sufficient  for  equilibrium  with  respect  to  infinites- 
imal variations  in  the  composition  and  thermodynamic  state 
of  the  different  masses  in  contact  There  are  certain  other 
conditions  which  relate  to  the  possible  formation  of  masses 
entirely  different  in  composition  or  state  from  any  initially 
existing.  These  conditions  are  best  regarded  as  determining 
the  stability  of  the  system,  and  will  be  mentioned  under  that 
head. 

Anything  which  restricts  the  free  movement  of  the  compo- 
nent substances,  or  of  the  masses  as  such,  may  diminish  the 
number  of  conditions  which  are  necessary  for  equilibrium. 

Equilibrium  of  osmotic  forces, — If  we  suppose  two  fluid  masses 
to  be  separated  by  a  diaphragm  which  is  permeable  to  some  of 
the  component  substances  and  not  to  others,  of  the  conditions 
of  equilibrium  which  have  just  been  mentioned,  those  will 
still  subsist  which  relate  to  temperature  and  the  potentials  for 
the  substances  to  which  the  diaphragm  is  permeable,  but  those 
relating  to  the  potentials  for  the  substances  to  which  the  dia- 
phragm is  impermeable  will  no  longer  be  necessary.  Whether 
the  pressure  must  be  the  same  in  the  two  fluids  will  depend 
apon  the  rigidity  of  the  diaphnigm.  Even  when  the  dia- 
pbragm  is  permeable  to  all  the  components  without  restriction, 
equaJity  of  pressure  in  the  two  fluids  is  not  always  necessary 
for  equilibrium. 
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Effect  ofgraviiy. — In  a  system  subject  to  tlie  action  of  (gravity, 
the  potential  for  each  substance,  instead  of  having  a  uniform 
value  throughout  the  system,  so  far  as  the  substance  actually 
occurs  as  an  independently  variable  component,  will  decrease 
uniformly  with  increasing  height,  the  difference  of  its  values 
at  different  levels  being  ei^nal  to  the  dilference  of  level  multi- 
plied by  the  force  of  gravity. 

F'liidamenCat  fgiialiom.—Jjct  £,  7,  u,  (  and  p  denote  res|>ect- 
ively  the  energy,  entropy,  volume,  (absolute)  temperature,  and 
pressure  of  a  homogeneous  mass,  which  may  be  either  fluid  or 
eolid,  providetl  that  it  is  subject  only  to  hydrtistalic  pressures, 
and  let  7n,,  m,,  .  .  .  m,  denote  the  quantities  of  its  inde- 
pendently variable  components,  and /i,,  u,,  .  .  .  ^,  the  poten- 
tials for  these  components.  It  is  easily  shown  that  «  is  a 
function  of  y,  v,  m,,  m,,  .  .  vi„  and  that  the  complete  value 
of  de  is  given  by  the  equation 

di:=td//—pclv-{-  fi^dm,-\-  fi,dm,  .  .  .  -|-p,rfm,.  (6) 

Now  if  E  is  known   iu  terms  of  ^,   v,  m,,  .  .  .  m„   we  can 

obtain  by  differentiation  t,  p,  fi /'■in  terms  of  the  same 

variables.  This  will  make  h  +  3  independent  known  relations 
between  the  2m  -f  0  variables,  e,  tj,  v,  m,,  m,,  .  .  .  m„  t,  p, 
Mi>  f^ti  •  -  ■  /V  fhcse  are  all  that  exist,  for  of  these  varia- 
'  oleA,  n  +  2  am  evidently  indepeodent  Now  upoa  these  rd>- 
tions  depend  a  very  lai^e  class  of"  the  properties  of  the  com- 
pyiiiid  considered, — we  may  say  in  geiiei'al,  all  its  thermal, 
niecliiinicid,  and  chemical  propcrtic!;,  so  far  as  nrtiVe  leiid'-nciei 
are  i-oneerned,  in  cases  in  which  the  form  of  the  mass  dues  imt 
ri'quire  considenitioii.  A  single  cijuation  from  which  all  llie.'^e 
rL'lalious  may  lie  deduced  may  be  called  a  funduuiental  eipia- 
tioii.  An  equation  between  s,  ij,  v,  i« ,,  «i,.  .  .  .  »i,  is  ii  lunda- 
inenlal  equution.  Bui  there  arc  otiier  equations  wliicb  possess 
the  same  property. 

If  we  .suppose  the  quantity  ^  to  be  detennined  for  such  a 
mass  as  we  arc  considering  by  equation  (3),  we  may  obtain  hv 
dill'erentiation  and  comparison  with  (5) 

d'l-^  —  t/<lt—p<io  +  fi,<liii^-\-/n,dm^  .  .  .  -{- ti,dm,.  (S) 
H;  ihcii,  }.''  is  known  as  a  function  of  C,  v,  m,.  >/t,,  ,  ,  .  m,.  we 
can  lind  ij,  j),  /i,,  fi^,  .../(„  in  terms  of  the  same  variable:-. 
If  wc  then  substitute  for  jJ  in  our  original  equation  it-;  value 
taken  fi-oin  equation  (3)  we  shall  have  again  u  +  ,S  indeiiendciit 
relati(m3  between  the  same  2h  +  5  variables  as  before. 

Let 

■=f-f  ;/  +  />«,  (T) 

then,  by  (5), 

di  =  —  r/dt-\-vdp  +  fi^dm, -\- f^^dm,  .  .  .  +/'-<'"*.■       {') 
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If,  then,  f  is  known  as  a  function  of  ^,  »,  tw,,  m,,  .  .  .  r»„, 
we  can  find  ly,  v,  /i,,  /I3,  .  .  .  /jl^  in  terms  01  the  same  variables. 
By  eliminating  f,  we  may  obtain  again  n  +  3  independent  rela- 
tions between  the  same  2«  +  5  variables  as  at  first* 

If  we  integrate  (5),  (6)  and  (8),  supposing  the  quantity  of 
the  compound  substance  considered  to  vary  from  zero  to  any 
finite  value,  its  nature  and  state  remaining  unchanged,  we 
obtain 

£  =  «!;-/>« +  //,m,  +  //,fn,  .  .  .  +//,w,  (9) 

^'=-/>»  +  //,m,  +  )U,m,  .  .  .  +//,m,,  (10) 

t=Ai,w,+  //,w,  .  .  .  +^nfn^  (11) 

If  we  differentiate  (9)  in  the  most  general  manner,  and  com- 
pare the  result  with  (6),  we  obtain 

-  t?e^  +  i;£&  + wijrf/i, -f  m,d?;i,  .  .  .  +m,rf//.  =  0,      (12) 
or  * 

dp^^dt  +  ^d^.  +  '^d^,  .  .  .  +^V//.=0.  (18) 

Hence,  there  is  a  relation  between  the  n  -f  2  quantities  <,  p, 
Pm  f^tj  »  .  .  /Jtn^  which,  if  known,  will  enable  us  to  find  in 
terms  of  these  quantities  all  the  ratios  of  the  n  -f  2  quantities 
jy,  v,  m,,  m,,  .  .  .  m„.  With  (9),  this  will  make  n  -f  8  inde- 
pendent relations  between  the  same  2n  -f  5  variables  as  at  first 

Any  equation,  therefore,  between  the  quantities 


^, 

Vj 

v. 

m^, 

»/i„  .  .  .   »w,, 

or 

^S 

% 

V, 

m„ 

^^^  •  •  •   »*«, 

or 

?, 

^ 

•  p. 

"«,» 

^a>  •  •  .  »w,, 

or  t,        p,  Miy  )w„  •  .  .   Mny 

is  a  fundamental  equation,  and  any  such  is  entirely  equivalent 
to  any  other. 

Oo^istent  phases. — In  considering  the  different  homogeneous 
bodies  which  can  be  formed  out  of  any  set  of  component  sub- 
stances, it  is  convenient  to  have  a  term  which  shall  refer  solely 
to  the  composition  and  thermodynamic  state  of  any  such  body 
without  regard  to  its  size  or  form.  The  word  phase  has  been 
chosen  for  this  purposa  Such  bodies  as  differ  in  composition 
or  state  are  called  different  phases  of  the  matter  considered,  all 

*  Hie  properties  of  the  quantities  —f  and  —  C  regarded  as  functions  of  the 
tempentnre  aod  volume,  and  temperature  and  pressure,  rettpectively,  the  composi- 
tion  of  tho  body  being  regarded  as  invariable,  have  been  discussed  by  M.  Massieu 
in  ft  memoir  entitled  "  Sur  les  fonctions  caracteristiques  des  divers  fluides  et  sur 
]*  tfa^cyrie  dee  vapours'*  {Mem,  Savants  ^ang.^  t  xxii.)  A  brief  sketch  of  his 
method  in  a  form  slightly  different  from  that  ultimately  adopted  is  given  in  Oomptea 
Rendus,  t,  Ixix,  ( 1 869)  pp.  868  and  1057,  and  a  report  on  his  memoir  by  M.  Bertrand 
in  Oomptea  Rendvs,  t  Ixxi,  p.  257.  M.  Massieu  appears  to  have  been  the  first  to 
■olve  the  problem  of  representing  all  the  properties  of  a  body  of  invariable  com- 
portion  whidi  are  oonoemed  in  reversible  processes  by  means  of  a  single  function. 
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bodies  wliiuh  differ  only  in  size  and  form  being  regarded  as 
different  examiiJea  of  the  same  phase.  Phases  wliich  can 
exist  together,  the  dividing  surfaces  being  plain,  in  un  eqai- 
librium  whieb  does  not  depend  upon  passive  resistances  to 
change,  are  called  coexistent. 

The  number  of  independent  variations  of  which  a  system  of 
coSxisleot  phases  is  capable  is  n+2— r,  where  r  denotes  the 
iiumlier  of  phases,  and  n  the  number  of  independently  variable 
components  in  the  whole  system.  For  the  system  of  phases  is 
completely  specified  by  the  temperature,  the  pressure,  and  the 
n  potentials,  and  between  these  n+2  quantities  there  are  r  in- 
dependent relations  (one  for  each  phase),  which  characterize  the 
system  of  phases. 

When  the  number  of  phases  exceeds  the  number  of  compo- 
nents by  unity,  the  system  is  capable  of  a  single  variation  of 
fihase.  •  The  pressure  and  all  the  potentials  may  be  regarded  as 
unctions  of  the  temperature.  The  determination  of  these  func- 
tions depends  upon  the  elimination  of  the  proper  qaantities 
from  the  fundamental  equations  in ^,  I, /i,,/i,,  etc.,  for  the  several 
membeiB  of  the  system.  But  without  a  knowledge  of  these 
fundamental  equations,  the  values  of  the  differential  co-efficients 

such  as   -j7   may  be  expressed  in  terms  of  the  entropies  and 

Tolamea  of  the  different  bodies  and  the  quantities  of  their 

pcveml  cniii]innent.=.  For  this  fiiil  we  huve  onlv  to  eliminale 
tlie  dillLTCKtialsuf  vW  jMlciitials  [roiii  the  (tiircVL-iit  o(|ii:Uin[i. 
of  the  form  (12)  rt-lating  t.)  the  different  bodies.  In  t!ie  simplest 
case,  when  tliore  is  but  one  component,  wc  obtain  the  w^'ll- 
known  fonnul.i 

ip—y~jl— Q 

./(      </-./     t{v''V'y 
in  wliicii    (/,  v'\  rf,  »",  denote  the  volumes  and  cntro]>ies  of  a 
given  quantity  of  the  sul)staiice  in  the  two  phases,  and  Q  the 
hciit  which  it  absorbs  in  passing  from  one  phase  to  the  other. 

It  is  easily  shown  that  if  the  temperature  of  two  coexistent 
phases  of  two  components  is  maintained  constant,  the  pressure 
IS  in  general  a  maximum  or  minimum  when  the  composition 
of  the  pha;-es  is  iflcntical.  In  like  jnanner,  if  the  pressure  of 
the  phases  is  maintained  constant,  the  temperature  is  in  genenil 
a  maximum  or  minimum  when  the  composition  of  the  ]ihn^i's 
is  identical.  The  scries  of  simultaneous  values  of  t  and  p  liir 
which  tlie  com|»osition  of  two  coexistent  phases  is  Identioa! 
.'separates  those  simultaneous  values  of  ( and  2^  ^"^  which  no 
coexistent  ph.ises  are  jKissible  from  those  lor  which  there  are 
two  pairs  of  coexistent  phases. 

If  the  temperature  of  three  cottxistentphases  of  three  conipo- 
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Dents  IS  maiatained  constant,  the  pressure  is  in  general  a  maxi- 
mum or  minimum  when  the  composition  of  one  of  the  phases 
is  such  as  t-an  be  produced  by  combining  the  other  two.  If 
the  pressure  is  maintained  constant,  the  temperature  is  in  gen- 
eral a  maximum  or  minimum  when  the  same  condition  in 
regard  to  the  composition  of  the  phases  is  fulfilled. 

Stability  of  fluids. — A  criterion  of  the  stability  of  a  homoge- 
neous fluid,  or  of  a  system  of  coexistent  fluid  phases,  is  afforoed 
by  the  expression 

«- ^^ +!>'»— )w>*i—/',X   .    .    .     -//,'m.  (14) 

in  which  the  values  of  the  accented  letters  are  to  be  determined 
by  the  phase  or  system  of  phases  of  which  the  stability  is  in 
question,  and  the  values  of  the  unaccented  letters  by  any  other 
phase  of  the  same  components,  the  possible  formation  of  which 
IS  in  question.  We  may  call  the  former  constants,  and  the  lat- 
ter variables.  Now  if  the  value  of  the  expression,  thus  deter- 
mined, is  always  positive  for  any  possible  values  of  the  vari- 
ables, the  phase  or  system  of  phases  will  be  stable  with  respect 
to  the  formation  of  any  new  phases  of  its  components.  But  if 
the  expression  is  capable  of  a  negative  value,  the  phase  or  sys- 
tem is  at  least  practically  unstable.  By  this  is  meant  that, 
although,  strictly  speaking,  an  infinitely  small  disturbance  or 
change  may  not  be  sufficient  to  destroy  the  equilibrium,  yet  a 
very  small  change  in  the  initial  state  will  be  sufficient  to  do  so. 
The  presence  of  a  small  portion  of  matter  in  a  phase  for  which 
the  aoove  expression  has  a  negative  value  will  in  general  be 
sufficient  to  produce  this  result  In  the  case  of  a  system  of 
phases,  it  is  of  course  supposed  that  their  contiguity  is  such 
that  the  formation  of  the  new  phase  does  not  involve  any  trans- 
portation of  matter  through  finite  distances. 

The  preceding  criterion  affi^rds  a  convenient  point  of 'depart- 
ure in  the  discussion  of  the  stability  of  homogeneous  fluids. 
Of  the  other  forms  in  which  the  criterion  may  be  expressed, 
the  following  is  perhaps  the  most  useful. 

If  the  pressure  of  a  fluid  is  greater  than  Hiat  of  any  other  phase 
of  its  independent  variable  components  which  has  the  sam^e  tempe)*- 
ature  and  potentials,  the  fluid  is  stable  with  respect  to  the  formation 
of  any  ot/ier  phase  of  these  components  ;  but  if  its  pressure  is  not 
as  great  as  that  of  some  such  phase,  it  will  be  practically  unstable. 

Stability  of  fluids  with  respect  to  continuous  changes  of  phase. — 
In  considering  the  changes  which  may  take  place  in  any  mass, 
we  have  often  to  distinguish  between  infinitesimal  changes  in 
existing  phases,  and  the  formation  of  entirely  new  phases.  A 
phase  of  a  fluid  may  be  stable  with  respect  to  the  former  kind 
of  change,  and  unstable  with  respect  to  the  latter.  In  this  case, 
it  may  oe  capable  of  continued  existence  in  virtue  of  proper- 


I 
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ties  wbich  prevent  th«  commencement  of  discontinuous  changee. 
But  a  phase  which  is  ungUible  with  reipect  to  contiooous 
~  '  ees  )fi  c'videntlr  incapable  of  permanent  existence  on  a 
I  Kale   except  in   consequence  of   pas^ve   reaistKuces   to 

..,flft     To  obtain  the  conditions  of  stability  with  respwt  to 

ntinuouH  changes,  we  have  only  to  limit  the  application  of 
the  variables  iu  (li)  to  phases  adjacent  to  the  given  phase. 
We  obtain  reaulta  of  the  following  nutura 

The  Htability  of  any  phase  with  respect  to  continuous  changes 
depends  upon  the  same  conditions  witii  respeut  to  the  second 
and  higher  ilitTei-ential  ci>*'fHt;ieiit'«  of  tlie  density  of  energy 
rej[iird<.-d  as  a  function  of  the  d-Misity  of  entropy  and  the  densi- 
ties of  the  several  components,  which  would  make  the  density 
of  enerpy  a  minimum,  if  the  necessary  conditions  wiib  respect 
to  the  first  differential  coefficients  were  fulfilled. 

Again,  it  in  necessary  and  sufficient  tor  the  stability  with 
respect  to  continuous  changes  of  all  the  phases  within  any 
pivcn  limits,  that  within  thos« limits thesameconditions should 
be  fulfilivw)  with  refl{>ect  to  the  second  and  higher  differential 
coefficient£  of  the  preesure  regarded  as  a  functi'in  of  the  tem- 
perature and  the  several  potentials,  which  would  make  the 
pressure  a  minimum,  if  the  necessary  conditions  with  n^jwct  to 
the  first  dilTerential  coefficients  were  fulfilled 

The  equation  of  the  limits  of  stability  with  respect  tocon- 
J  cnaiifref 

/  ,n  „  \ 

-^,     (15) 

whiTC  T",  denoirri  ilie  doiisitv  of  iln'  component  ppfriiiivl  or 
)„,->■■■  It  is  ill  m-nK-rn]  ifnm;ilcri;il  t,i  wliat  eomp->ii,>(it  rl.e 
sullix.i-  ri-mvlrd  ;is  n-lnlioL'. 

*"/■/;(>((//</.';-?'•*.— The  variiitiniis  of  two  eoL'xistoiit  |ili:isi>s  are 
PoriK'tiiiu-s  litiiitfd  liv  tliL-  vaiiisliiiiL'  ..i'  ih,;  ,!ifi',T(-iK-o  I.lIwul'ii 
theiti.  Plinscs  ;it  wllii-h  lliis  o,-citrs  are  <.-.i]]M  n;fio<l  />/,<,.-  <.  A 
crilioal  i.hasf.  liki-  :niv  oiIkt.  is  cui'ab!.'  of  „  +  l  iiidoi-ii.i.Mt 
varintion?.  »  .iciiolin-"  llio  nunibvr  ol  in.le|ii'ndeiit! y  vanal.le 
<-orni.i)nei)ts.  But  wIkti  siilijoft  to  the  (.■on.Jilion  ol  reiiiaiuiriLr 
amii.-ai  ph:isv.  il  is<;;,|,abk-  orotilv.,-l    iiidcpeii.ii.|,t    vam- 

charaetf-riw  critieal  phiis.-s.     These  ri)av  ho  wHtteit 

It  will  be  olwrvod  tliat  tlic  first  ol  lhe«-  eqiiatious  is  i.lemii-al 
wilh  tlic  erpiulioii  of  the  limit  of  sliiliiJity  with  n'^peet  to  ,:vi- 

that  limit,     tlit'v  are  also  situateii  at  the  limit  of  stabiliiv  wiili 


tinnona  chaiifrep  muy  he  written 


J.  Vf.  Ghitibs — EjuUibrium  of  Heterogeneous  Substances.   449 

respect  to  discontinuous  changes.  These  limits  are  in  general 
distinct,  but  touch  each  other  at  critical  phases. 

Qeometrical  illustrations, — In  an  earlier  paper,*  the  author 
has  described  a  method  of  representing  tne  thermodynamic 
properties  of  substances  of  invariable  composition  by  means  of 
surfaces.  The  volume,  entropy,  and  energy  of  a  constant 
quantity  of  the  substance  are  represented  by  rectangular 
coordinates.  This  method  corresponds  to  the  first  kind  of 
fundamental  equation  described  abova  Any  other  kind  of 
fundamental  equation  for  a  substance  of  invariable  composition 
will  suggest  an  analogous  geometrical  method.  In  the  present 
paper,  the  method  in  which  the  coordinates  represent  tempera- 
ture, pressure,  and  the  potential,  is  briefly  considered.  But 
when  the  comf)Osition  of  the  body  is  variable,  the  fundamental 
equation  cannot  be  completely  represented  by  any  surface  or 
finite  number  of  surfacea  In  the  case  of  three  components,  if 
we  regard  the  temperature  and  pressure  as  constant,  as  well  as 
the  total  quantity  of  matter,  the  relations  between  T,  m,,  m,,  m, 
may  be  represented  b^  a  surface  in  which  the  distances  of  a 
point  from  the  three  sides  of  a  triangular  prism  represent  the 
quantities  m,,  m,,  m,,  and  the  distance  of  the  point  from  the 
base  of  the  prism  represents  the  quantity  (^.  In  the  case  of 
two  components,  analogous  relations  may  be  represented  by  a 
plane  curve.  Such  methods  are  especially  useful  for  illustrating 
the  combinations  and  separations  of  the  components,  and  the 
changes  in  states  of  aggregation,  which  take  place  when  the 
substances  are  exposed  in  varying  proportions  to  the  tempera* 
ture  and  pressure  considered. 

Fundamental  equations  of  ideal  gases  and  gas-mixtures. — From 
the  physical  properties  which  we  attribute  to  ideal  gases,  it  is 
easy  to  deduce  their  fundamental  equations.  The  fundamental 
equation  in  c,  i^,  v,  and  m  for  an  ideal  gas  is 

clogi=^  =  l-H  +  alog^:  (17) 

cm         m  V 

that  in  j^,  (,  t;,  and  m  is 

^=:Em  +  m^/^<?-H-clog«+alog— j:  (18) 

that  in  />,  ^  and  /i  is 

H—c  — a    c  +  a     ^— B 

a  a  <U  ^     . 

p:^ae  t        e  ,  (19) 

where  e  denotes  the  base  of  the  Naperian  system  of  logarithms. 
As  for  the  other  constants,  c  denotes  the  specific  heat  of  the 

^  TranaactionB  of  the  Connecticut  Academy,  vol.  ii,  part  S. 
Am.  Joob.  Sol— Third  Snm,  Vol.  XVI»  No.  98.— Dec.,  1878. 
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rial  conataot  volume,  a  denotes  the  conetnnt  valaeof  7>F-Hm^, 
BDd  H  depend  upon  the  zeros  of  energy  and  entropy.  Thi 
two  last  Aquations  tnay  be  abVirevtated  br  the  use  of  cjiffennl 
ooniuanta.  The  propertieH  of  fundunentjtl  equations  mentioned 
above  may  easily  be  verified  in  each  ease  by  difien^ntiation. 

The  law  of  Dalton  mpecting  a  mixture  of  different  ga 
nfTords  a  point  of  dei«iriure  for  Upc  discaseion  of  such  mixtni 
and  tbe  eiitablialinient  of  their  fundamental  equations.     Itik 
found  convenient  to  give  the  law  the  following  form  : 

T/ie  prcMUir  in  a  mixture  of  <liffrrent  gaeea  is  eifual  lo  t/>e  ti 
of  l/m prenJi'irai  o/Oie  iliffertnl  yanrn  is  existing  each  by  ilaei/at 
eame  lemperaturr  and  with  the  same  value  of  its  polmtial. 

A  mixture  of  ideal  easi-s  which  eatisSe?  this  Ian  is  called 
itlftU  gas-mixttire.  Its  fundamental  equation  in  p,  t,  ft,,  ft^,  « 
is  evidently  of  the  form 

(Hi-c-a,     C|*a.     y<|  — K,\ 
a,e        "'        t    "'     e     '''    K  (Vi, 

where  X,  denotes  summation  with  respect  to  the  different  cotq^ 
noiiente  of  thu  mixture-  From  this  may  be  dednced  otboi 
fundamental  equations  for  ideal  gas-mixtures.  Thai  ia  )(,  (, 
m,,  m„  etc  is 

(6  =  2,(E,m,+  ro,(/e,— H,-c,log(-f  a,Jog^^^.    {^ 

Phases  of  dissipated  energi/  vf  I'dfaf  f/at  'iiixtiirvs. — -When  the 
proximate  components  of  a  jras-mixture  are  so  related  that 
HODie  of  them  can  be  tbrmed  oat  of  others,  although  not  neces- 
sarily in  the  gas-mixture  itself  at  the  temperatures  considereii. 
there  are  certain  phases  of  tlie  gas-mixture  which  deserve 
especial  attention.  These  are  the  p/iasfs  of  disnipakd  ener;^. 
i.  e.,  those  phases  in  which  the  energy  of  the  mass  has  the  least 
value  consistent  with  its  entropy  and  volume.  An  atmosphere 
of  such  a  phase  could  not  furnish  a  source  of  mechanical  j>owor 
to  any  machine  or  chemical  engine  working  within  it,  as  otiior 
ph.Lses  of  the  same  matter  might  do.  Nor  can  such  phases  he 
alVucted  by  any  catalytic  agent.  A  jierfect  catalytir.  agent  would 
reduce  any  other  phase  of  the  gas-mixture  to  a  phase  of  dissi- 
pated energy.  The  condition  which  will  make  the  energy  a 
minimum  is  that  the  potentials  for  tlie  pi-oxiniate  components 
shall  satisfy  an  equation  similar  to  tiiat  which  expresses  the 
rehiiion  between  the  units  of  weight  of  these  components.  For 
example,  if  the  components  were  hydrogen,  oxygen  and  water, 
since  one  gram  of  hydrogen  with  eight  grams  of  oxygen  are 
chemically  equivalent  to  nine  grams  of  water,  the  potentials  for 
these  substances  in  a  pliase  of  dissipated  energy  must  satisfy 
the  relation 

I'll  +  8/<o  =  e/'w 
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Oas-mixtures  xmth  convertible  components, — The  theory  of  the 
phases  of  dissipated  energy  of  an  ideal  gas-mixture  derives  an 
especial  interest  from  its  possible  application  to  the  case  of 
those  gas-mixtures  in  which  the  chemical  composition  and 
resolution  of  the  components  can  take  place  in  the  gas-mixture 
itself,  and  actually  does  take  place,  so  that  the  quantities  of 
the  proximate  components  are  entirely  determined  by  the 
quantities  of  a  smaller  number  of  ultimate  components,  with 
tne  temperature  and  pressure.  These  may  be  called  gas- 
mtxtues  tmth  convertible  components.  If  the  general  laws  of 
ideal  gas-mixtures  apply  in  any  such  case,  it  may  easily  be 
shown  that  the  phases  of  dissipated  energy  are  the  only  phases 
which  can  exist.  We  can  form  a  fundamental  equation  which 
shall  relate  solely  to  these  phases.  For  this  end,  we  first  form 
the  equation  \n  p,  t,  fi^^  fi^,  etc.  for  the  gas-mixture,  regarding 
its  proximate  components  as  not  convertible.  This  equation 
will  contain  a  potential  for  every  proximate  component  of  the 
gas-mixture.  We  then  eliminate  one  (or  more)  of  these  poten- 
tials by  means  of  the  relations  which  exist  between  them  in 
virtue  of  the  convertibility  of  the  components  to  which  they 
relate,  leaving  the  potentials  which  relate  to  those  substances 
which  naturally  express  the  ultimate  composition  of  the  gas« 
mixture. 

The  validity  of  the  results  thus  obtained  depends  upon  the 
applicability  of  the  laws  of  ideal  gas-mixtures  to  cases  in  which 
cnemical  action  takes  place.  Some  of  these  laws  are  generally 
regarded  Jis  capable  of  such  application,  others  are  not  so 
regarded.  But  it  may  be  shown  that  in  the  very  important 
case  in  which  the  components  of  a  gas  are  convertible  at  certain 
temperatures,  and  not  at  others,  the  theory  proposed  may  be 
estaolished  without  other  assumptions  than  such  as  are  gen- 
erally admitted. 

It  is,  however,  only  by  experiments  upon  gas-mixtures  with 
convertible  components,  that  the  validity  of  any  theory  con- 
cerning them  can  be  satisfactorily  established. 

The  vapor  of  the  peroxide  of  nitrogen  appears  to  be  a  mixture 
of  two  different  vapors,  of  one  of  which  the  molecular  formula  is 
double  that  of  the  other.  If  we  suppose  that  the  vapor  con- 
forms to  the  laws  of  an  ideal  gas-mixture  in  a  state  of  dissipated 
energy,  we  may  obtain  an  equation  between  the  temperature,, 
pressure,  and  density  of  the  vapor,  which  exhibits  a  somewhat 
striking  agreement  with  the  results  of  experiment. 

Equilibrium  of  stressed  solids, — The  second  paper  commences 
with  a  discussion  of  the  conditions  of  internal  and  external 
equilibrium  for  solids  in  contact  with  fluids  with  regard  to  all 

Sossible  states  of  strain  of  the  solids.     These  conditions  are 
educed  by  analytical  processes  from  the  general  condition  of 
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equilibrium  (2),  The  condition  of  oquilibrmm  vbicfa  relates 
to  the  'liswlving  of  rhe  solid  at  a  snrfoce  where  it  meetn  n  Bnid 
nmy  be  uxpresaed  by  the  equatiou 


_€~lr,+p» 


(« 


where  e,  7,  v,  anrt  m,  den  >te  resjiectively  tlie  energy,  enlropj^ 
V'liuiiio-,  and  miiaa  of  th''  h><1)<I,  if  it  if  hoinitgeneous  in  naliin 
and  slate  of  Btrain. — otberwixe,  of  anj  srniiit   portion   wliick^ 
may  be  treated  as  ihna  homoi;eneoas. — a.  the  poiential  in  the 
fluid  fur  the  substance  ol  which  ilie  solid  consists,  p  ihe  pres- 
sure ii)  the  fluid  and  therefore  one  of  the  principal  pressures 
in  the  solid,  and  t  the  temperature.     It  will  be  observt-d  t' 
when  the  pressure  in  the  solid  is  isotropic,  the  second  1 
of  this  equation  wilt  represent  the  potential  in  the  solid  for  ti 
Bubslance   of   which  it  constats   [see  (9)],  and   the   conditiiq 
reduces  to  the  equality  of  the  potential  in   the  two  masse 
just  as  if  it  were  a  case  of  two  nuids.     But  if  the  stresaos  t 
the  solid  are  not  isotropic,  the  value  of  the  second  ui(.-ujbor<j_ 
the  equation  is  not  entirely  determined  by  the  nature  ami  stuti&  * 
of  the  solid,  but  hae  in  general  three  different  values  (for  the 
same  solid  at  the  same  temperature,  and  in  the  same  state  of 
strain)  corresponding  to  the  three  principal  pressnreB  in  the 
Botid.     If  a  solid  in  the  form  of  a  light  parallelopiped  is  Bali^^ 
ject  to  different  pressures  on  its  three  pairs  of  opposite  sides  by 
fluids  hi  wl.ich  it  Is  soluble,  it  is  in  guni-ral   ti.v,ss;i-j,    [-t  equi- 
librium that  the  composition  of  ihc  fluids  shall  be  ditlercnl. 

The  /'iri'liimenlal  aixatin-s  wiiicli  have  been  ilesfribcd  above 
are  limited,  iu  their  application  to  solids,  to  the  case  in  which 
the  stresses  in  the  si. lid  arc  isotropic.  An  example  of  a  more 
general  form  of  fundamental  equation  for  a  solid,  is  afforded 
by  an  equation  between  the  eiieray  and  entropy  of  n  given 
quantity  of  the  solid,  and  the  quantities  which  exprcs^s  its  state 
of  strain,  or  by  an  equation  between  ip  [see  (3)]  as  determined 
for  a  friven  quantity  of  the  solid,  the  temperature,  and  the 
quantities  which  express  the  state  of  strain. 

Capillarity. — The  solution  of  the  problems  which  precede 
may  lie  regarded  as  a  first  approximation,  in  which  the  jiei-uliiir 
state  of  thermodynamic  equilibrium  about  the  surfaces  of  dis- 
continuity is  neglected.  To  take  account  of  the  condition  of 
things  at  these  surfaces,  the  following  method  is  uscil.  Let  us 
supnoKc  that  two  homogeneous  fluid  masses  are  separated  by  a 
Rimaco  of  discontinuity,  i.  e.,  by  a  verv  thin  non-liomogeneous 
film.  Now  we  may  imagine  a  state  of  things  in  which  each  of 
the  homogeneous  masses  exicmls  witliout  variation  olthe  densi- 
ties of  it'^  scvcnd  componenLs,  or  of  the  densities  of  ciuxgy  aii'.i 
entrojiy,  quite  up  to  a  geometrical  surface  (to  be  called  the  divid- 
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ing  surface)  at  which  the  masses  meet.  We  may  suppose  this 
surface  to  be  sensibly  coincideut  with  the  physical  surface  of 
discontinuity.  Now  if  we  compare  the  actual  state  of  things 
with  the  supposed  state,  there  will  be  iu  the  former  in  the 
vicinity  of  the  surface  a  certain  (positive  or  negative)  excess  of 
enerary,  of  entropy,  and  of  each  of  the  component  substances. 
These  quantities  are  denoted  by  e*,  if,  m?,  m%  etc.  and  are  treated 
as  belonging  to  the  surface.  The  ^is  used  simply  as  a  distin- 
guishing mark,  and  must  not  be  taken  for  an  algebraic  exponent 
It  is  shown  that  the  conditions  of  equilibrium  already 
obtained  relating  to  the  temperature  and  the  potentials  of  the 
homogeneous  masses,  are  not  affected  by  the  surfaces  of  discon- 
tinuity, and  that  the  complete  value  of  d^  is  given  by  the 
equation 

6a^=t  6if+ff  ds-^-pt^  Sm^i+M^  dm|+  etc.  (23) 

in  which  5  denotes  the  area  of  the  surface  considered,  i  the  tem- 
perature, /ii,  /ij,  etc.  the  potentials  for  the  various  components 
m  the  adjacent  masses.  It  may  be,  however,  that  some  of  the 
components  are  found  only  at  the  surface  of  discontinuity,  in 
which  case  the  letter  fi  with  the  suffix  relating  to  such  a  sub- 
stance denotes,  as  the  equation  shows,  the  rate  of  increase  of 
energy  at  the  surface  per  unit  of  the  substance  added,  when  the 
entropy,  the  area  of  the  surface,  and  the  quantities  of  the  other 
components  are  unchanged.  The  quantity  awe  may  regard  as 
defined  by  the  equation  itself,  or  by  the  following,  which  is 
obtained  by  integration : 

6*=:  t  rf+ a  «+/i,  f/J?+;/.  m?+  etc.  (24) 

There  are  terms  relating  to  variations  of  the  curvatures  of 
the  surface  which  might  be  added,  but  it  is  shown  that  we  can 
give  the  dividing  surface  such  a  position  as  to  make  these  terms 
vanish,  and  it  is  found  convenient  to  regard  its  position  as  thus 
determined.  It  is  always  sensibly  coincident  with  the  physical 
surface  of  discontinuity.  (Yet  m  treating  of  plane  surfaces, 
this  supposition  in  regard  to  the  position  of  the  dividing  surface 
is  unnecessary,  and  it  is  sometimes  convenient  to  suppose  that 
its  position  is  determined  by  ot)ier  considerations.) 

With  the  aid  of  (28),  the  remaining  condition  of  equilibrium 
for  contiguous  homogeneous  masses  is  found,  viz: 

<y(c,^-^)=/>'•/>^  (26) 

where  ^',  />"  denote  the  pressures  in  the  two  masses,  and  Cj,  Cj 
the  principal  curvatures  of  the  surface.  Since  this  equation 
has  the  same  form  as  if  a  tension  equal  to  a  resided  at  the  sur- 
face, the  (quantity  a  is  called  (as  is  usual)  the  superfirial  tension^ 
and  the  dividing  surface  in  the  particular  position  above  men- 
tioned is  called  the  surface  of  tension. 
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^^^  By  difiierentiatinn  of  (24)  and  cnmparisoD  with  (23),  we  obtain 
^^  dff=  -  fferfi  -  r,  rf/i;  -  r,  d;i,  —  elo,,  (46) 

where  »■•  ^i.  /».  el<^  are  wriit«n   for-*^,  — ^,  — \  etc.,  and 

not«  the  superflQial  densities  of  entropy  and  of  the  various  sal 
Btancea.  We  may  reKard  o  as  a  fanction  of  t,  fi^.  a^  etc,  fro 
which  if  Vnown  ^b.  'i-  /*  etc  may  be  iletcrmlrea  in  t«rnvs 
the  Bame  vai'inhlea.  An  equation  between  a,  t,  fii,  fi^  etc  xntA 
therefore  be  called  a  /undameiilal  eguadon  for  the  surfaet  of  e 
continuity.  The  same  U3ay  be  saiJ  of  au  equation  between 
if,  3,  mf,  wi|,  etc, 

U  ia  necessary  Tor  the  atahility  of  a  surface  of  discontiuuil^ 
that  it8  tendon  shall  be  as  small  as  that  of  any  other  surface 
which  cnn  exist  between  the  same  homogeneous  masses  with  the 
same  temperature  and  potentials.  Beside  this  condition,  which 
relates  to  the  nature  iri  the  surface  of  discontinuity,  there  are. 
other  conditions  of  stabilitv,  which  relate  to  the  possible  moti<  '' 
of  such  surfaces.  One  of  these  is  that  the  tension  shall  be  po 
tivo.  The  others  are  of  a  less  simple  nature,  depending  upon  tl 
extent  and  form  ol'  the  surface  of  discontinuity,  and  lu  general 
upon  the  whole  system  of  which  it  is  a  part  The  most  simple 
case  of  a  system  with  a  surface  of  diBcontinoitj  is  that  of  two 
eo^isLent phases  separated  hj  n  nphrrirf^l  mirfnrr  Thn  milrrmnHJM 
being  of  indefinite  extent  When  the  interior  mass  and  tW^ 
surface  of  discontinuity  are  formed  entirely  of  substiinces  which 
are  components  of  the  surrounding  mass,  the  equilibrium  is 
ahvay.-i  ntisialili'i  in  other  cases,  the  equilibrium  may  be  staMe. 
Tlius,  llie  equilibrium  of  a  ilro])  of  water  in  an  atmosphere  of 
vapor  is  uiiHtable,  but  [nay  be  made  stable  by  the  addition  of  a 
littli:  sail.  Tlic  analytical  conditions  which  determine  the 
stability  or  iiistiibility  of  tiie  system  are  e.isily  found,  when  the 
tciiipcrature  and  potentials  of  the  system  arc  regarded  as  known, 
as  well  as  the  fundamental  equations  for  the  interior  mass  and 
the  surface  of  discontinuity. 

The  study  of  ."urfaccs  uf  discontinuity  throws  considerable 
light  iijion  the  subject  of  the  stability  of  such  pha.ses  of  fluids 
as  liax'c  a  less  pressure  than  other  phases  of  the  same  compo- 
nents with  the  same  temperature  and  potentials.  Let  the  pres- 
sure of  the  jihase  of  which  the  stabilitj-  is  in  question  be  denotoi 
by  //,  and  that  of  the  other  phase  of  the  same  temperature  and 
potentials  by  ;/'.  A  .'■pherieal  mass  of  the  second  phase  and  of 
a  radiii.s  determined  by  the  equation 

2ff=(p'~p')r,  (27) 

would  be  in  equilibrium  with  a  surrounding  mass  of  the  lirsi 
phase.  'J'liis  equilibrium,  a.s  wc  have  just  seen,  is  instable,  when 
the  surrounding  mass  is  indefinitely  extended.     A  spherical 
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mass  a  little  larger  would  tend  to  increase  indefinitely.  The 
work  required  to  form  such  a  spherical  mass,  by  a  reversible 
process,  in  the  interior  of  an  infinite  mass  of  the  other  phase, 
IS  given  by  the  equation 

W  =  <js^{p'  -  p')  v'.  (28) 

The  term  as  represents  the  work  spent  in  forming  the  surface, 
and  the  term  (p'—p')  v"  the  work  gained  in  forming  the  inte- 
rior mass.  The  second  of  these  quantities  is  always  equal  to 
two-thirds  of  the  first.  The  value  of  W  is  therefore  positive, 
and  the  phase  is  in  strictness  stable,  the  quantity  W  afford- 
ing a  kind  of  measure  of  its  stability.  We  may  easily  express 
the  value  of  W  in  a  form  which  does  not  involve  any  geo- 
metrical magnitudes,  viz: 

where  p'\  p'  and  a  may  be  regarded  as  functions  of  the  tempe- 
rature and  potentials.  It  will  be  seen  that  the  stability,  thus 
measured,  is  infinite  for  an  infinitesimal  difference  of  pressures, 
but  decreases  very  rapidly  as  the  difierence  of  pressures 
increases.  These  conclusions  are  all.  however,  practically  lim- 
ited to  the  case  in  which  the  value  of  r,  as  determined  by 
equation  (27)  is  of  sensible  magnitude. 

With  respect  to  the  somewhat  similar  problem  of  the  stabil- 
ity of  the  surface  of  contact  of  two  phases  with  respect  to  the 
formation  of  a  new  phase,  the  following  results  are  obtained. 
Let  the  phases  (supposed  to  have  the  same  temperature  and 
potentials)  be  denoted  by  A,  B,  and  C  ;  their  pressures  by  p^t 
job  and  p^  ;  and  the  tensions  of  the  three  possible  surfaces  <r^^, 
^BCy  ^Ao*     ^^  Pc  is  l^ss  than 

<yBc/>A  +  <yAc/>B 

there  will  be  no  tendency  toward  the  formation  of  the  new 
phase  at  the  surface  between  A  and  B.  If  the  temperature  or 
potentials  are  now  varied  until  p^  is  equal  to  the  above  expres- 
sion, there  are  two  cases  to  be  distinguished.  The  tension  a^^ 
will  be  either  equal  to  ^^ac  +  ^bc  oJ"  l^ss.  (A  greater  value 
could  only  relate  to  an  unstable  and  thei*efore  unusual  surface.) 
If  ^^AB  =  <^Ac  +  ^'bo  ft  farther  variation  of  the  temperature  or 
potentials,  makingpo  greater  than  the  above  expression,  would 
cause  the  phase  Cto  be  formed  at  the  surface  oetween  A  and 
B.  But  if  a^^  <;  <T^c  +  ^Bc»  the  surface  between  A  and  B  would 
remain  stable,  but  with  rapidly  diminishing  stability,  after  pc 
has  passed  the  limit  mentioned. 

The  conditions  of  stability  for  a  line  where  several  surfaces 
of  discontinuity  meet,  with  respect  to  the  possible  formation  of 
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fi  neir  larfaoe,  are  capable  of  a  <iery  simple  expression.  If  tbc 
sarfiMies  A-B,  B-C,  C-D,  D-A,  separating  the  inn^es  A,  B,  G, 
D,  meet  aloDK  a  liDi.%  it  is  neveasary  for  equilibriam  that  their 
tensioDS  SDd  uirections  at  any  point  of  the  line  ehoald  be  stush 
that  a  quadrilatenil  <L,^,j,h  may  be  formed  with  sides  repre- 
sentitig  ill  direction  and  leDgth  the  normals  and  tensions  of 
the  EOcccamre  stirfaces.  For  the  stability  of  tl>e  syatem  with 
reference  to  tbe  possible  formation  of  snHaces  between  A  and 
C,  or  between  6  and  D,  it  is  further  necessary  that  tbe  tensions 
^Ac  Ai)^  ''bd  should  be  greater  than  the  diagonals  <q-  and  ^ 
respectively.  The  conditions  of  stability  are  entirely  aoato- 
gous  in  the  case  of  ,i  greater  uuinber  of  surfaces.  For  tbe 
conditions  of  stability  relating  to  tbe  formation  of  a  new 
phase  at  a  line  in  which  three  aarfaces  of  discontinuity  meet, 
or  M,  n  point  where  four  differcni  phases  meet,  the  reader  id 
referred  to  the  original  paper. 

Liquid  Aims. — When  a  fluid  exists  in  the  form  of  a  vcfy 
thin  tilm  between  other  fluids,  the  great  inequality  of  its  exten- 
sion in  dttTerent  directions  will  give  rise  to  certain  pccoliar 
properties,  even  when  iu  thickness  js  eufficient  for  its  interior 
to  have  the  properties  of  matter  in  mass.  Tbe  most  important 
case  is  where  the  film  is  liquid  and  the  contiguous  fluids  are 
gttBeoaa  If  we  imagine  the  film  to  be  divided  into  el^nenls 
of  the  aame  order  of  magnitode  «b  ita  tbiekneoa.  each  cHemeat 
extending  throuoh  the  filnt  from  side  to  side,  it  is  evident  that 
f;ir  if.-:)  tiiDt  will  in  gfiR-ral  W  rci^uired  for  ll:e  utlainiiieiit  of 
approximate  equilibrium  between  the  different  parts  of  auy 
sucli  element  and  the  cnntiguous  fra^ew  than  for  the  attainment 
of  equilibrium  between  all  the  different  elements  of  the  film. 

There  will  acconiingly  be  a  time,  commencing  shortly  after 
the  formation  of  the  film,  i[i  which  its  separate  elements  mav 
be  regarded  as  sati-sfying  theooiiditionsof  internal  equilibrium, 
and  of  eguilibrinm  with  the  contiguous  gases,  while  they  mav 
not  satisfy  all  the  conditions  of  equilibrium  wiili  each  other. 
It  is  when  the  changes  due  to  this  want  of  complete  equilib- 
rium talce  place  so  slowly  that  the  film  appears  to  be  at  rest, 
exfcpt  so  far  as  it  acc-ommwlates  it.*eif  to  any  clian^ie  in  ilie 
externa]  conditions  to  whicli  it  is  subjected,  that  the  clianicter- 
istic  properties  of  the  film  arc  most  sirikinp  and  most  r^haqily 
deliiied.  It  is  from  tliis  poi[)t  of  view  that  these  bodies  are 
dis'.-ussed.  They  are  regarded  as  satisfying  a  certain  well- 
defined  chtiK  of  conditions  of  equilibrium,  but  as  not  satisfying 
lit  all  ecrtain  other  conditions  which  would  be  necessary  for 
complete  cquililirium,  in  consequence  of  which  tliey  are  subject 
to  gradual  changes,  which  ultimately  determine  their  rupture. 

The  elasticity  of  a  tilm  (i.  e..  tlie  increase  of  its  tension  when 
extended,)  is  easily  accounted  for.     Il  ioHows  from  the  general 
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relations  given  above  that,  when  a  film  has  more  thaD  one  com- 
ponent,  those  components  which  diminish. the  tension  will  be 
found  in  greater  proportion  on  the  surfaces.  When  the  film  is 
extended,  there  will  not  be  enough  of  these  substances  to  keep 
up  the  same  volume-  and  surface-densities  as  before,  and  the 
deficiency  will  cause  a  certain  increase  of  tension.  It  does  not 
follow  that  a  thinner  film  has  always  a  greater  tension  than  a 
thicker  formed  of  the  same  liquid.  W  hen  the  phases  within 
the  films  as  well  as  without  are  the  same,  and  the  surfaces  of 
the  films  are  also  the  same,  there  will  be  no  difference  of  ten- 
sion. Nor  will  the  tension  of  the  same  film  be  altered,  if  a 
part  of  the  interior  drains  away  in  the  course  of  time,  without 
affecting  the  surfaces.  If  the  thickness  of  the  film  is  reduced  by 
evaporation,  its  tension  may  be  either  increased  or  diminishea, 
according  to  the  relative  volatility  of  its  different  components. 
Let  us  now  suppose  that  the  thickness  of  the  film  is  reduced 
until  the  limit  is  reached  at  which  the  interior  ceases  to  have 
the  properties  of  matter  in  mass  The  elasticity  of  the  film, 
whicn  aetermines  its  stability  with  respect  to  extension  and 
contraction,  does  not  vanish  at  this  limit  But  a  certain  kind 
of  instability  will  generally  arise,  in  virtue  of  which  inequali- 
ties in  the  thickness  of  the  film  will  tend  to  increase  through 
currents  in  the  interior  of  the  film.  This  probably  leads  to  the 
destruction  of  the  film,  in  the  case  of  most  liquids.  In  a  film 
of  soap-water,  the  kind  of  instability  described  seems  to  be 
manifested  in  the  breaking  out  of  the  black  spots.  But  the 
sudden  diminution  in  thickness  which  takes  place  in  parts  of 
the  film  is  arrested  by  some  unknown  cause,  possibly  by  vis- 
cous or  gelatinous  properties,  »o  that  the  rupture  of  the  film 
does  not  necessarily  follow. 

Electromotive  force. — The  conditions  of  equilibrium  may  be 
modified  by  electromotive  ft»rce.  Of  such  cases  a  galvanic  or 
electrolytic  cell  may  be  regarded  as  the  type.  With  respect  to 
the  potentials  for  the  ions  and  the  electrical  potential  the  fol- 
lowing relation  may  be  noticed  : 

Whefi  all  the  condifions  ffpqfu'h'brnim  are  f/ (filled  hi  a  tmlvftmc 
or  electrolytic  cell,  the  eectromotive  force  is  equal  to  the  difference  in 
the  valuer  of  the  potential  for  any  ion  at  tlte  surfaces  of  the  electrodes 
multiplied  by  tlie  electro-chemical  equivalent  of  t/iat  ion,  the  gr  aVr 
potential  of  an  anion  being  at  the  same  electrode  as  the  greater  elec- 
trical potential^  and  the  reverse  being  true  of  a  cation. 

The  relation  which  exists  between  the  electromotive  force  of 
a  perfect  electro-chemical  apparatus  (i.  e.,  a  galvanic  or  electrolytic 
cell  which  satisfies  the  condition  of  reversibility,)  and  the 
changes  in  the  cell  which  accompany  the  passage  of  electricity, 
may  be  expressed  by  the  equation 

de=  (V'- VO  de  +  «rf//+rf  Wq  +  rfWp,  (^iJi\ 
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io  which  dt  denotes  the  increment  of  the  intrinsic  energy  in 
the  apparatus,  ili}  thu  increment  of  entropy,  de  the  anautity 
vl  eleolrieity  which  pusses  thmuvh  it,  V  and  V"  the  elfctrical 
poieniinU  in  piM-en  of  the  tiame  kind  of  metal  connected  with 
ibo  anode  and  catliode  respectively,  (fWn  the  work  done  by 
gravity,  and  <^Wr  the  work  done  by  the  pressures  which  acton 
the  external  surfnue  of  the  app^iratus.  The  lenn  </Wa  ntay 
genomily  be  ne^jiecled.  The  Rame  is  true  tif  d\i,,  when  gofes 
are  not  concerned.  If  no  heat  is  supplied  or  witbdi-awa  the 
term  tdij  will  vanish.  But  in  the  calculation  of  olectromotlfe 
forces  which  is  the  most  iraportuiit  application  of  t!)eeqiintioa, 
it  id  convenient  and  caatomnry  to  suppose  that  the  tem)>emiiire 
is  maintained  constant.  Now  this  term  icAj.  which  represents 
the  heat  absorbed  by  the  cell,  is  frequently  neglected  in  the 
consideration  of  cells  of  which  the  lemjieratnre  is  aii|)po»ed  to 
remain  constaut.  Id  other  words,  it  is  frequently  assumed  thai 
neither  heat  or  cold  ia  produced  by  the  passage  of  an  clectricaJ 
current  through  a  perfect  electro-chemical  apparatus  (except 
that  heat  which  may  be  indefinitely  diminished  by  increasing 
the  time  in  which  a  given  quantity  of  electricity  passes),  unless 
it  be  by  processes  of  a  sixxindary  nature,  which  are  not  immedi- 
ately or  necessarily  connected  with  the  process  of  eleclrolysia. 
That  this  assumption  is  incorrect  is  shown  by  the  electro- 
I  motive  force  of  a  gas  battery  cbai^^  with  hydrogen  and  nitro- 
gen, by  the  currents  cnnscd  by  differeni-cs  in  the  eoncenlration 
of  tiie  electrolyte,  by  electrodes  of  zinc  and  mercury  in  a 
w>luti()n  of  sulphate  of  zinc,  by  "  priori  considerations  Viased 
on  the  phenomena  exhibited  in  the  direct  combination  of  the 
elements  of  water  or  of  hydrochloric  acid,  by  the  absorption 
of  heat  which  M.  Favrc  has  in  muny  caws  observed  in  a  gul- 
vanic  or  electrolytic  cell,  and  by  the  fact  that  the  f^olid  ur 
liqnid  state  of  an  electrode  (at  its  teniperntnrc  of  fusion)  does 
not  affect  the  electromotive  force. 


Art.  lA\l.  —  On  an  AwMomiral  PfciU'in/i/  by  w/,kh  Cra^in  -flh, 
Afn'n,dhnikUrs  ma-/ l,e  (h.'Siuifuished  frnm  lh.,st  nf  the  M,'«hn 
Indians;*  by  W .  J.   McGKt;,  Farley.  Iowa. 

TliK  difficulty  of  determining  whetlier  a  skull  from  a  monnd 
belonged  to  a'lnridern  Indian  or  to  an  individu;d  of  the  t>iv.^- 
terious  race  wliicli  crccCeil  the  mounds  of  the  Mississippi  V.il- 
ley  is  well  kn.nvn  ;  and  so  complex  is  the  problem  that  only 
an  jiiuitotnist  of  lonf;  experience  .ind  Iricd  skill  can  satisl'iio- 
torily  s..ive  it.  Even  then  it  frecpiently  liappuns  th:it  -.l.vi.irs 
a  for  the  AdvaBcement  o(  Scieocc  at  St 
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disagree ;"  as  when  Col.  Poster,  at  one  time  president  of  this 
Association,  declared  that  the  only  cranium  figured  by  Squier 
and  Davis  in  their  great  work  on  the  **  Ancient  Monuments  of 
the  Mississippi  Valley"  as  representative  of  the  cranial  struc- 
ture of  the  Mound-builders,  did  not  belong  to  that  race  at  all. 
Any  observations  throwing  light  on  the  question  of  the  rela- 
tions of  these  crania  will  therefore  be  of  practical  value. 

The  writer  has  made  a  pretty  thorough  study  of  the  archae- 
ology of  northeastern  Iowa,  and  has  examined  several  skulls 
unearthed  in  that  region,  as  well  as  some  from  Wisconsin,  Illi- 
nois and  Kentucky.  The  total  number  of  Mound-builders' 
crania  examined  will  not,  however,  exceed  fifty  or  seventy-five ; 
and  a  part  of  these  were  fragmentary.  Hence  the  observations 
cannot  be  considered  to  afford  a  perfectly  reliable  guide  in  the 
determination  of  crania,  and  too  great  weight  should  not  be 
attached  to  them  until  verified  by  authentic  cases  of  a  similar 
nature  from  other  quarters.  At  present  they  have  but  a  pro- 
visional significance.  The  structural  peculiarity  which  has 
been  found  to  be  a  more  trustworthy  distinguishing  feature 
than  differences  in  the  capacity  or  general  contour  of  the  skulls, 
relative  length  and  breadth,  thickness  of  walls,  or  condition 
and  state  of  preservation  of  the  bone,  is  the  greater  relative 
size  of  the  posterior  molars  or  "  wisdom  teeth"  in  both  maxil- 
laries  of  the  Mound-builders'  crania  than  in  those  of  the  recent 
red  race.  Measurements  have  not  been  made  to  illustrate  this 
difference  in  relative  size,  f>rincipally  because  the  preparation 
of  this  paper  was  occasioned  by  the  discussion  following  the 
reading  on  yesterdav  morning  of  an  archaeological  paper  in 
this  section,  since  which  time  specimens  from  which  dimensions 
could  be  tHken  have  not  been  accessible. 

Aside  from  the  simple  difference  in  relative  size  of  the  pos- 
terior and  anterior  molars,  it  seems  that  the  **  wisdom  teeth*' 
were  earlier  developed  in  the  individuals  of  the  Mound- 
building  race  than  in  either  the  Indian  or  the  white  mjin. 
It  is  well  known  that  the  posterior  molars  do  not  usually 
appear  in  civilized  man  until  near  maturity.  Exceptions  to 
this  rule  are  not  infrequent  but  they  may  be  put  down  as 
cases  of  reversion.  That  this  is  warrantable  will  be  more 
obvious  further  on.  Again,  these  teeth  are  rarely  so  fully 
developed  during  the  lifetime  of  the  individual,  in  the  white 
races,  as  to  have  their  grinding  surfaces  worn  down  equally 
with  the  anterior  molars.  They  therefore  partake  to  some 
extent  of  the  nature  of  rudimentary  or<zans.  In  crania  from 
the  mounds,  which  were  from  young  individuals  as  attested 
by  the  imperfect  anchylosis  of  the  sutures  permitting  frac- 
tures to  easily  occur  alon^  these  lines,  sometimes  even  the 
complete  decomposition  of  the  symphyses  supervened,  these 
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teeth  have  been  found  fully  devulupcd  and  tlie  griudir^ 
face  neurly  or  quite  us  far  worn  down  as  in  tncir  ante 
iieigUbors.  In  more  rualure  crania  tbe  surface  of  tlie  poo- 
teriur  molar  is  usually  tlie  largest  and  appareotly  the  nioat 
worn  down.  Heocie  in  the  Mound-builder  this  tooth  was  not 
by  niiy  means  rudimentHry,  but  was  a  useful  organ  throughout 
Dearly  the  whole  of  the  lifetime  of  its  possessor. 

Tbe  corresponding  tooth  of  the  modem  Indian  occupies — if 
thi'  Indian  crania  examined  were  typical,  as  thoy  seem^  to  be 
—nn  intermediate  sluge  in  development  butwt^a  that  of  the 
Mound-huilder  on  the  one  band  and  that  of  the  Caucassian  on 
the  other.  As  to  the  period  at  which  the  tooth  makes  its 
appearance  and  when  it  rwichcs  its  full  deveIo|jment,  the  writer 
has  been  able  to  learn  nothing  thus  far.  This  point  seems  to 
have  eijcaped  the  notice  of  etbuologists  heretofora  The  dif- 
ference in  relative  size  and  in  tbe  comparative  maturity  of 
these  teeth  is  sufEcient,  however,  in  nearly  all  the  speoimens 
eiiamined,  Ui  allow  of  their  ready  determination.  >>evenhe- 
less  ibis  rule  cuuld  not  be  indiscriminately  applied,  as  due 
alloiAance  must  be  made  for  diflTerenccs  in  age,  etc.,  of  the 
individual;  but  with  care  and  judjjment  tbe  writer  is  con- 
vinced that  it  is  competent 

Tbe  greater  development  of  the  posterior  molars  eeema  to 
I  be  onaimoo  to  the  lower  intl  esriier  races.  This  pmuKarito 
has  been  observed  in  several  of  tbe  fossil  skulls  of  paleolithic 
iii:ui  fxiiuiiied  in  Euro|>t,  ;im  in  tlie  j:tw4)nne  fruni  the  c'avt- of 
NaukUc,  Belgium,  in  which,  as  reported  by  the  Beigiaii  fieulo- 
;iiVls,  ifie  miliar  leetii  inci^eased  in  size  backward.  Dr.  E. 
Laniliert.  of  Brussels,  has  recently  made  an  extensive  collection 
111  crania  of  various  races,  anfl  has  found  that  tbe  posterior 
mciliir  is  relatively  larger,  not  only  in  the  red  but  in  tbe 
black  races  than  in  the  Caucassiun.  Tbe  dentation  of  ilie 
yi'lliiw  riioes,  however,  corresponds  more  nearly  with  that  of 
tlie  wiiite,*  So  far  as  known  to  tbe  writer  Dr.  Lambert  has 
not  noted  tbe  period  of  development  of  these  teeth  in  any  of 
the  races. 

This  morphological  variation  in  the  different  stocks  of  mao- 
kinil  is  ])rul>ably  a  concomitimt  of  the  principle  of  cepbaliaa- 
lion  if  not  directly  cuordinatetl  therewitli.  It  has  been  shown 
by  Prof.  Dana  that  cepbaliziition  is  "a  fundanienlal  principle 
in  tbe  development  of  the  system  of  animal  life,"t  and  that 
there  has  been  an  increase  in  cerebral  volume  in  many  if  nni 
all  mammals  since  early  eenozoic  time;  and  Professor  Mat.'^ti 
has  shown  that  this  tendency  is  manifested  in  a  striking  d^ree 

•Pcienlific  American,  vol.  jjtiriii,  p.  93. 

t  Tills  Joiiraal,  III.  vol.  lii,  Octo1>et,  1H7G,  p.  245.  References  to  Proteesor 
MurHli'x  papers  are  given  ic  this  memoir. 
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in  the  Eocene  Dinoceras  and  Coryphodon,  in  the  Miocene 
Brontotherium,  and  in  the  Pliocene  Mastodon.  But  the 
researches  of  Marsh,  Leidy,  Cope,  Hayden  and  others,  in  the 
Cretaceous  and  Tertiary  beds  of  the  western  territories  have 
shown  us  that  there  is  a  concurrent  tendency  toward  a  decrease 
in  size  of  the  posterior  and  increase  in  size  of  the  anterior 
molars  observaole  in  perhaps  any  class  of  mammals  which  we 
may  examine.  The  tendency  is  just  as  plainly  murked  as  that 
toward  increase  in  cranial  capacity  or  toward  compactness  and 
abbreviation  of  the  anterior  organs, — indeed  it  is  undoubtedly 
correlated  with  the  shortening  and  compacting  of  the  jaw& 
And  it  is  probable  that  the  degree  of  development  of  any 
mammal,  as  the  horse  or  pi^,  can  be  just  as  readily  and  relia- 
blv  measured  by  the  relative  size  of  its  molars  as  by  the  size 
OT  its  brain-case  or  by  the  presence  or  absence  of  certain  bones 
of  manus  or  pes.  Casual  statements  to  the  effect  that  the  rela- 
tive size  of  the  posterior  molar  varies  inversely  as  the  volume 
of  the  brain  have  indeed  been  met  with,  but  no  critical  dis- 
cussion of  the  true  significance  of  such  relations;  and  their 
practical  bearing  on  tlie  work  of  the  determination  of  native 
American  crania  seems  to  have  been  wholly  overlooked,  as  it 
certainly  was  in  the  discussion  of  yesterday. 
Pbntera'  Hotel,  St  Louis,  Aug.  23,  1878. 


Abt.  LFV. — On  the  Limits  of  Hypotheses  regarding  the  Properties 
of  the  MaUer  composmg  the  Interior  of  the  Earth;  by  Henry 
EEennessy,  RRS.,  Professor  of  Applied  Mathematics  in  the 
Boyal  Collie  of  Science  for  Ireland.* 

1.  From  direct  observation  we  are  able  to  obtain  only  a  very 
moderate  knowledge  of  the  materials  existing  below  the  solid 
cmst  of  the  earth.  The  depth  to  which  we  can  penetrate  by 
mining  and  boring  operations  into  this  crust  is  comparatively 
insignificant ;  and  these  operations  give  us  little  knowledge  of 
the  earth's  interior  in  comparison  with  what  is  afforded  by  the 
outporings  of  volcanoes.  Two  hundred  active  volcanoes  are 
aaia  to  still  exist,  while  geologists  have  established  that  many 
thousands  of  such  deep  apertures  in  the  earth's  crust  have 
existed  during  remote  epochs  of  its  physical  history.  The 
source  or  sources  of  supply  for  all  these  volcanoes  have  poured 
out  a  predominating  mass  of  matter  in  a  state  of  liquidity  from 
fusion.  Evidence  is  tlius  furnished  that  matter  in  a  state  of 
flaidity  exists  very  widely  distributed  through  the  earth.     The 

^  From  the  PbO.  Mag.  for  Oct,  1878.  Read  before  the  Mathematical  and  Phyri- 
eil  Sectkm  of  the  Britiah  ABsociation  for  the  AdTanoemeiit  of  Seienoe,  Dublin, 
Angiiat,  1878. 
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euppositiun  tliat  tliii'  fl>ikl  fills  the  whole  intorior,  and  tbat  di4 
soUil  crust  is  &  mere  exterior  «nvelope,  is  usually  designated  ta   I 
the   hypothesis   of    interna)    fluidilj.     From   this   hypotlies^s 
mechanical  and  physical  results  of  primary  importance  in  terres- 
trial physios  may  be  deduced. 

Newton,  Clairaut,  Liiplace,  Airy,  and  other  illustrious  matbo- 
maticiaos  have  used  an  extension  of  this  bypothesie  in  discuss- 
ing tbc  earth's  figure.     They  supposed  the  particles  composing 
the  earth  to  retain  the  same  positions  after  solidiScaiion  as  that 
which  they  held  before  iL     I  ventured,  for  the  first  time,  to 
discard  the  latter  portion  of  the  hypothesis  as  useless  and  con- 
trary to  physical  laws.     I  now  venture  to  say  that,  in  framing 
any  hypotheses  as  to  the  physical  character  of  the  matter  of  the 
earth,  we  should  not  affix  any  property  to  the  supposed  matter 
which  is  opposed  to  the  properties  observed  in  similar  kinds  of 
matter  coming  under  our  direct  observation.     Observation  has 
disclosed  that  liquidB  are  in  general  viscid,  and  that  they  pos- 
sess what   has   been   deaigiiated   internal   friction    in   a   bi^ 
degree.*     Observation  has  recently  shown  that  among  the  three    , 
states  of  matter  (gaseous,  liquid  and  solid)  a  law  of  continuitj    ' 
exists.     Observation  also  discloses  that  gases  and  vapors  ore,    i 
of  all  forms  of  matter,  the  most  compressible,  that  liquids  are 
much  less  compressible,  and  that  solids  are  still  less  compres- 
'  sible.    Thus,  for  instance,  water  is  about  fourteen  times  more    I 
eompresiiible  than  copper  or  brxis. 

2.  If  these  general  comparative  jiropcrlies  of  liquids  and 
solid.s  are  admitted,  it  follows  tliat  in  t!ie  hypotheses  regarding 
the  ennhs  internal  structure  wc  sliould  most  carefullv  guanl 
agiiitisi  any  assumjttion  directly  in  contradiction  to  such  pn> 
pertics.  By  assuming  that  the  eartli  contained  a  fluid  lotallv 
devoid  of  viscidity  and  internal  friction,  the  late  Mr,  Hopkin? 
attempted  to  prove  the  earth's  entire  solidity.  He  onlv  provtNl 
that  it  did  not  contain  any  of  this  imaginary  fluid  ;  but  he  liv 
no  means  proved  the  non-existence  of  a  liquid  possessing  the 
properties  of  viscidity  and  internal  friction  common  to  all 
liquids.  In  the  dmiptes  Eendus  of  the  Academy  of  Sciences 
of  Paris  for  1871  is  a  paper  in  which  I  have  given  a  risumi  of 
tlie  arguments  against  Air,  Hopkins's  conclusions  as  to  the 
earth's  complete  solidity;  and  in  the  sub.=equent  discussions 
my  pricn-ity  on  this  matter  seems  to  have  been  fairlv  and 
honorably  ac  know  led  gcd-f      In  a   recent  admirable  work  on 

•  Aa  hdJiiig  a  special  couiioclion  witli  tliis  Bubject,  see  a  Report  hy  (he  Aiithct 
on  IC^sperimt'iila  ou  Ihc  influence  ol  the  moleculor  condition  of  fluidp,  on  Ihsir 
molion  ivlien  in  rotation  and  in  rontaot  with  Bolida  (Prooeediogs  oC  the  Roval 
Irith  Acftdemy,  2ud  penes,  vol,  iii,  p.  B6). 

f  "  Uemaiqucs  k  propoa  d'une  Uommuni cation  de  M.  Delaunay  siir  lea  rvsulisrs 
loumis  pur  I'ABtronomie  concernant  I'apaisseur  de  la  croflte  Bolide  do  Globe," 
Complea  liendra  de  CIraL  France,  Mars  G,  1871,  p.  260. 
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Geology,  PfaflTs  Grundriss  der  Geologic,  the  author  gives  a 
brief  account  of  the  bearing  of  astronomical  and  mathematical 
investigations  on  the  internal  structure  of  the  earth ;  and  he 
very  justly  says  that  the  results  of  observation  compel  us  to 
regard  the  earth  as  for  the  most  paii;  fluid,  in  order  to  bring 
these  results  into  harmony  with  calculation.  Professor  Pfaff 
attributes  this  conclusion  to  Hopkins,  whereas  it  is  precisely 
that  which  I  had  long  since  enunciated,  and  is  entirely  opposed 
to  the  views  of  Mr.  Hopkins.  More  recently  Sir  William 
Thomson  and  Mr.  Darwin  nave  investigated  the  tidal  action  of 
an  internal  fluid  nucleus  upon  its  containing  solid  shell.  They 
have  both  supposed  the  liquid  to  be  totally  incompressible,  and 
the  containing  vessel  to  be  elastic  and  therefore  compressible. 
They  have  thus  given  the  liquid  a  property  which  no  liauid  in 
existence  possesses,  and  the  solid  a  property  which  solids  pos* 
sess  in  a  much  less  degree  than  liquids.  Their  hypothesis  is 
thus  totally  inadmissible  as  a  part  of  the  problem  of  inquiry 
into  the  earth's  structure.  I  at  once  admit  that  a  thin  elastic 
spheroidal  envelope  filled  with  incompressible  liquid  and  sub- 
jected to  the  attraction  of  exterior  bodies  would  present  period- 
ical deformations,  owing  to  tidal  action  far  surpassing  the  tides 
of  the  ocean.  But  I  do  not  admit  that  such  impossible  sub- 
stances can  represent  the  materials  of  the  earth.  M^  hypothe- 
sis is  that  the  liquid  interior  matter,  instead  of  being  incompres- 
sible, is,  like  all  liquids  we  observe,  relatively  far  more  com- 
pressible than  its  solid  envelope.  A  highly  compressible  liquid 
contained  in  a  very  much  less-compressible  shell  would  be  a 
hypothesis  more  in  harmony  with  physical  observation.  The 
tidal  phenomena  of  a  compressible  fluid,  it  is  easy  to  see, 
would  be  very  diflferent  from  those  of  an  incompressible  fluid. 
The  work  done  by  the  action  of  certain  disturbing  bodies  in 
the  strata  of  compressible  fluid  would  partly  result  in  causing 
variations  of  densitVt  instead  of  producmg  tidal  waves  of  great 
magnitude.  This  has  been  already  shown  in  the  M6canique 
Celeste  by  Laplace,  in  discussing  the  tides  of  the  atmosphere. 
Theorv  shows  that  the  atmospheric  tides  should  be  nearly  in- 
sensible, notwithstanding  the  great  depth  of  the  atmospheric 
column,  because  the  work  done  in  the  atmosphere  is  very  dif- 
ferent from  what  is  performed  in  the  less-compressible  water  of 
the  ocean.     Observation  has  fully  verified  this  result 

S.  It  is  admitted  that  the  earth's  density  increases  from  its 
surface  toward  its  center.  If  its  interior  is  occupied  by  a 
compressible  fluid,  the  law  of  density  of  this  fluid  would  result 
from  the  compression  of  its  own  strata ;  just  as  the  law  of  den- 
sity of  the  atmosphere  is  produced  by  the  pressure  of  the  upper 
atmospheric  layers  upon  those  below.  But  instead  of  suppo- 
sing the  interior  of  the  earth  to  be  filled  by  a  fluid  thus  con- 
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forming  to  the  ol»9erv«<l  propprtiud  of  fluiila,  both  Sir  William 
Thomnin  »iiil  Mr.  Unrwin  liave  npplieH  their  great  power?  an 
n(x(j[iipli.s)i(-(l  iimtliematiciutifl  to  llie  ti<!ea  of  an  incompressible 
and  liomogencoua  §))heroi(l,  such  as  I  admit  to  have  no  real 
osiBtL-nce  whatsoever. 

4.  The  Utwr  bestowod  on  the  problem  investigated  ooald 
Bcarci'ly  Vie  considered  at  all  necessary  or  fruitful,  except  as 
afiiifJiug  an  uJmirabIc  illustration  of  the  resialu  flowing  from 
the  employnicnl  of  hypotheses  framed  in  direct  contmdictioQ 
to  the  liindamcntat  conditions  to  whiuh  every  truly  philosophi- 
cal hypothesis  must  conform.  It  is  scarcely  neoesiuiry  to  add, 
that  the  concIumou«  of  Mr.  Durwiti,  ns  wot!  as  those  of  Sir  Wil- 
liam Thomson,  oannot  be  oon9i(l<>red  as  huviug  invalidate!  the 
carefully  framed  hypothesis  thnt  the  earth  consists  of  a  solid 
cruet  phvBically  siaiilar  to  the  rock-s  we  are  enabled  to  observe, 
and  a  contninol  spheroid  of  liquids  and  physically  similar  to 
the  liquid  rock  pured  out  by  volcunio  openings. 

5.  It  is  with  much  salisfaotion  that  I  can  trace  a  gradual 
gi-uwth  of  more  correct  physical  views  on  the  questions  i-eterred 
to  ill  this  paper.  In  Nature,  vol.  v,  p.  2S3,  a  paper  ap[>eared 
in  whjoh  I  Toiiturcd  to  criiiciac  Sir  William  Thomson's  memoir 
on  the  Rigidity  of  the  Enrth,  in  the  Philosophical  Transactions. 
At  tbe  Meetiag  of  the  British  Associatiou  io  Glasgow,  Sir  Wii- 

MhJfemHHpo  acknowledged  the  invaluitty  of  msay  of  hn 
argdme^,  and  rrqno-^ii-i!  Iii^  miiii^'iice  to  draw  their  pens 
through  paragraj'li-  'i"'i\  23  1m  i\  m  liis  p;ijicr.  These  jt^ira- 
graphs  cont;iin  stiitcments  and  re!i?oning3  which  I  had  already 
shtiwii  to  bi;  incon(;lu^i\'c  iu  the  paper  which  has  just  beeu 
quoted. 

In  Mr.  Darwin's  paper,  recently  communicated  to  t!ie  Brit- 
ish As-Jociiitinn,  he  admits  tliat  in  discussing  the  prece.'ssiorial 
and  tidal  phenomena  of  a  visicous  liquid,  the  supposition  of  an 
ela-stie  .spheroid  wimld  lead  to  teri/  difftre.d  results— that  is  to 
say,  re^iilt:i  very  different  from  tlioso  deduced  by  himself  and 
Sir  Williiim  Thomson  re;ra'ding  the  earth's  structure,  and 
which  tlic  tijllowei-s  ol  the  late  Sir  Charles  Lyell  have  frequently 
assumed  to  tic  eslahlislie<l.  Thus  the  lat«  Mr.  Poulett  Scrn|ie 
appeal's  to  have  referred  to  the  bearing  of  the  mathematieal 
inve^tigaiions  alluded  to,  on  what  lie  calls  "the  sensational 
idea"  of  an  iiiti.TDal  incaiideseeiit  fluid  beneath  the  srdld  crust 
of  the  earth.  lie  forgot  that  an  idea  may  not  be  the  less  trae 
because  it  is  seii.iaii'Uia!.  The  idea  of  antipodes  was  at  one 
time  i-egarded  ns  highly  sensational.  Thof^e  wlio  witness  a 
great  euitlnpiakc  <)r  volcanic  eruption  are  usually  impressed 
with  tlie  sensational  character  of  the  phenomena. 

(J,  A  traveller  who  was  in  Portugal  more  than  forty  years 
since,  met  a  woman  over  one  hundred  years  of  age,  and  aske>l 


H,  C.  Hovejf — Discoveries  in  Western  Oaves,  465 

her  if  she  recollected  the  great  earthquake  of  Lisbon.  She 
replied,  that  it  was  the  event  of  all  others  iu  her  long  life 
which  she  ought  to  vividly  recollect,  on  account  of  its  impres- 
sive sensations.  History  also  records  the  sensational  character 
of  the  destruction  of  Pompeii.     If  Mr.  Scrope's  innuendo  re- 

Siding  the  internal  fluidity  of  the  earth  as  ^^  a  sensational  hypo- 
esis''  has  any  value,  we  should  regard  the  events  referred  to 
as  highly  improbable;  yet  they  have  been  as  well  authenti- 
cated as  the  most  positive  facts  in  science,  and  no  person  has 
ever  expressed  the  smallest  shadow  of  a  doubt  as  to  their  occur- 
rence. 


Art.  LV. — Discove^^ies  tn   Western  Caves;  by  Kev.  Horace 

0.  HovEY,  M.A. 

The  following  notes  are  selected  from  a  large  mass  of  descrip- 
tive material,  collected  by  the  writer  during  recent  under- 
ground explorations  in  some  of  the  States  of  the  Mississippi 
Valley. 

1.  Silurian  Oaves. — Especial  attention  was  paid  to  these  caves 
in  view  of  the  "grave  doubts"  of  a  distinguished  geologist 
^^  whether  in  a  single  case  they  extend  much  beyond  the  light 
of  day."*  His  remark  refers  to  the  upper  hundred  feet  of  the 
Cincinnati  group.  An  excellent  opportunity  for  the  study  of 
caves  in  this  Lower  Silurian  rock  is  afiforded  in  bluffs  about 
Madison,  Indiana,  which  rise  400  feet  from  the  thin  strata  char- 
acteristic of  that  formation,  to  the  massive  rocks  of  the  Niagara 
limestone.  Each  stream,  as  it  plunges  down  from  the  table-land 
above,  washes  out  the  lower  layers,  leaving  the  upper  as  an 
overhanging  ledga  In  time,  the  shallow  grotto  behind  the 
cascade  expands  into  a  spacious  amphitheater,  200  or  800  feet 
wide  and  nearly  as  many  deep.  The  roof  generally  falls  by  its 
own  weight  when  these  dimensions  are  exceeded ;  and  the 
result  is  finally  a  ravine  with  steep  walls,  encumbered  below 
with  large  fragments  of  stone.  An  examination  of  the  region 
for  twenty  miles  north  of  Madison  led  to  our  discovering,  not 
only  sinfks,  natural  wells,  rock-houses  and  water-swept  chasms, 
but  also  true  caverns,  whose  roof  is  the  solid  limestone  of  the 
Upper  Silurian,  while  the  excavation  itself  is  in  the  softer  rocks 
of  the  Lower.  Two  miles  west  of  Hanover,  Indiana,  is  a  stream 
that  flows  toward  the  Wabash  from  the  very  banks  of  the 
Ohio.  It  emerges  from  a  tunnel  which  is  easily  threaded  for 
half  a  mile,  and  continues  uncovered  for  fifty  feet;  and  then 

*  Geological  Survey  of  Kentucky  (Shaler),  yol.  i,  p.  4. 
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it  again  recedes  by  a  second  opening.  We  followed  its  coarse 
through  ruoroy  balls  rich  in  stalactites  to  a  waterfall  fifteen  feet 
high,  where  the  exploratioa  terminated.  The  entire  distance 
truveraed  was,  by  estimate,  one  mile  and  a  half — a  greater 
length  than  that  of  Weyer's  Cave.  The  credit  of  discovering 
this  Silunan  cavern  belongs  to  Messrs.  Monfort  and  Thomson ; 
and  as  it  is  now  for  the  first  time  deaeribcd.  it  may  be  apiiropri- 
ately  numed  the  Hanover  Cava 

2.  Sub-Oarbonifemua  Caves. — The  procedure  of  the  brook 
described  above  is  reversed  in  the  case  of  Lost  River,  which, 
after  receiving  tributaries  and  increasing  in  volume,  flows  into 
a  cavernous  ojioning  and  continues  for  miles  along  a  subter- 
ranean channel,  alternately  rising  to  the  surface  and  sinking 
again  several  times  before  it  linallv  emerges  a  mile  below 
Orangeville,  Indiana.  These  "rises'  as  they  are  called,  are 
generally  marked  by  gulfs  denoting  the  ^11  of  superincumbent 
rooks ;  at  one  of  them  a  small  boat  has  been  put  upon  the 
stream,  it  having  been  found  to  be  navigable  for  a  long  distance 
under  ground.  Lost  River  6ows  amid  bluffs  of  the  Saint  Louis 
group,  carved  by  erosion  into  numerous  ravines  and  siuk-boles, 
and  the  latter  so  ihorouohly  underdrain  the  region  as  to  cause 
a  remarkable  absence  of^aprings,  brooks  and  ponds. 

Theae  phenomena  are  instructive  as  to  the  production  of  the 
BRii^llBi^gBNJ  th«t  honey-oomb  the  Sub-carboniferous  [x>ckB  of 
Kentucky  an<i  Sontliem  Inilinn!!.  A  cnmp.ict  nnd  linniifj'-in'- 
ous  limejitone,  varviiig  from  2o  feet  to  -HU  foet  in  rneasnred 
tliickiK-:^,  li.-s  bolwfuii  lii'i  surfnce  an.l  the  k-vol  of  riiitnr.il 
<!r;iiii;iL'r,  siilij.'i't  tn  the  dissolving  and  eroding'  af-tioii  nf  run 
Tiiiijj  wai(.T.  Til..'  result,  in  tiini.C  is  a  suc-ct-ssioji  of  luvlio^, 
g[dhTii;s  aud  avenues,  pivsenthij,^  wonderlhl  and  grotes.iue 
eoniliinations  lo  the  explorer  wlieii  the  slream  thi.t  has  eause-1 
them  i;^  withdrawn  to  s..me  other  channel.  The  slow  trJeklii).:! 
of  limewaier  fiirni^^Iies  nniteriid-t  for  the  <rrowth  of  stalaeiites 
that  tend  to  ■rnuiiiallv  close  up  ami  obliterate  these  deserted 
halls.  Should  Lost  liiver  find  another  ehannel,  theeavo  whiel) 
would  remain  iniglit  equal  in  jiropnrtions  any  hitherto  .lis- 
covered.  There  are  no  doabt  unrnerous  unoxjilured  iimi  name- 
less eaves  that  would  richly  reward  those  whose  love  of 
adventure  shrxdd  lead  them  la  folio*-  out  their  ram  ill  oat  ions. 
Professor  Slialer  cstimateti  that,  in  Kentucky,  ''there  are  ;it 
lea.st  lUlJ.UOU  tniles  of  open  cavern  bcnciith  the  surface  of  the 
Carbon iferou.i  limestone ;"'  and  my  own  observations  lead  to 
the  conclusion  that  tiiere  are  thousands  of  miles  of  such  siih- 
tcrnineaii  avenues  beneath  the  i*arnc  formation  in  Indiana.  Vet 
l!n;  pnlilie  should  he  enuliotis  in  ytcldinp:  ere'lence  ti-^  eav,' 
stories.  Article's  appeared  in  Louisville  papers  less  than  s 
year  ayo,  and    were  copied  and  believed  in  this  country,  and 
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even  found  their  way  into  foreign  periodicals,  that  purported 
to  describe  the  **  Grand  Crystal  Cave  near  Glasgow,  Kentucky" 
giving  thrilling  particulars  of  a  perilous  voyage  on  its  mysteri- 
ous waters.  We  ascertained  by  inquiry  on  the  spot  that  no 
such  cave  exists ;  and  have  learned  by  experience  that  cave- 
streams  are  generally  very  safe  and  placid  bodies  of  water,  by 
reason  of  the  fact  that  they  are  not  of  navigable  size  until  the 
level  of  adjacent  streams  is  nearly  reached. 

8.  Mammoth  Cave  is  visited  by  more  than  2,000  persons 
annually,  and  its  noteworthy  features  have  been  repeatedly 
described.  Tourists  are  usually  content  with  either  the  Short 
or  the  Long  route,  both  of  which  can  be  traversed  in  a  single 
day.  We,  however,  were  favored  with  a  special  guide,  and 
devoted  many  successive  days  to  localities  not  often  visited. 
After  eighty  miles  of  underground  travel,  our  curiosity  was 
satiated ;  and  yet  we  had  entered  only  54  of  the  225  avenues 
reported  by  Professor  D.  D.  Owen  as  actually  enumerated. 
The  comparatively  recent  discovery  of  a  pit-like  passage  called 
"  the  Corkscrew,"  is  of  importance,  not  only  because  it  enables 
the  visitors  to  cut  oflF  two  miles  between  the  Rotunda  and  River 
Hall  by  an  abrupt  descent  of  150  feet ;  but  also  because  it  proves 
the  theory  that  the  cave  crosses  its  own  track,  so  that  a  change 
is  reouired  in  the  entire  map.  It  is  now  believed  that  the 
cascade  falling  over  the  moutn  and  instantly  sinking  through 
the  rocks  is  identical  with  that  at  the  head  of  the  River  Styx, 
and  is  a  feeder  of  that  stream.  It  is  also  proved  that  these  deep 
and  navigable  rivers,  instead  of  being  fea  by  Green  River,  flow 
into  it.  Chaff  thrown  upon  the  surface  of  Lake  Lethe  reappears 
after  some  time  in  the  waters  of  what  is  known  as  the  Upper 
Big  spring;  while  that  thrown  upon  Echo  River  comes  out  at 
the  Lower  spring.  The  fact  that  Green  River  is  thus  replen- 
ished explams  the  peculiarity  of  its  never  being  frozen  over 
even  in  tne  coldest  winter.  It  mav  be  added  that  as  the  water- 
level  is  known  to  be  312  feet  below  the  crest  of  the  hill  cover- 
ing the  cave,  the  subterranean  rivers  must  be  at  a  little  less 
than  that  number  of  feet  beneath  the  surface,  and  must  also  be 
the  lowest  localities  possible.  Hence  no  dome  in  Mammoth 
Cave  could  exceed  312  feet  in  height  without  cutting  through 
to  the  open  air ;  by  which  test  may  be  corrected  the  statements 
of  those  imaginative  writers  whose  estimates  are  nearly  double 
what  they  should  be.     The  grandest  of  these  vertical  cavities, 

Siercing  from  some  sink-hole  above  through  all  the  galleries 
own  to  the  water-level,  is  called,  by  way  of  eminence,  the 
Mammoth  Dome.  Beyond  it  lies  a  stately  hall,  so  like  the 
ruins  of  Karnak  and  Luxor  that  we  had  permission  to  name  it 
the  Egyptian  Temple.  Here  stand  six  columns  of  oolitic  lime- 
stone encrusted  with  a  stalagmitic  coating  but  an  inch  or  two 
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in  tbickneps  and  as  yellow  as  jasper.  We  measured  one  that 
arose  L-ichty  feet  from  what  we  regarded  as  iis  biise  to  the  ceilJ 
ing,  ana  found  it  tweDty-aix  feet  in  its  longest  diameW 
Descending  into  a  pit,  we  found  wliat  we  named  tbe  Catacombe, 
opening  into  an  avenue  about  three  miles  long. 

The  acouatic  properties  of  Echo  River  pa.'«sage-way  are 
extra ord  in arv-  This  body  of  water  ia  aaid  to  l>e  rather  leas 
than  one  mile  in  length  and  to  be  forty  or  fifty  feet  deep,  Tbe 
continued  arch  of  natural  masonry  by  which  it  is  spanned,  varies 
in  height  from  three  to  thirty  feet     The  echo  is  a  musical  pr»- 

longfilion  of  sound,  rather  than  a  distinct  repetition  -" -*-' 

although  this  also  may  beobtained.  Harmonics  were  , 
in  reponso  to  certain  key-notes,  A  strong  vocal  impu 
prolonged  with  sustained  vigor  for  Mteen  seconds,  and  in  the 
opinion  of  others  for  a  longer  lime;  the  duration  depending 
much  on  our  location  or  the  water,  the  purity  of  tone,  the 
pitch  and  the  energy  of  the  original  aenal  vibrations.  By 
silently  but  forcibly  pushing  the  water  to  and  fro  with  a  broad 
paddle,  successive  wavelets  were  sent  into  uumeroua  marginal 
cavities,  awakening  chimes  that  continued  for  from  three  to  ten 
minutes  according  to  the  violence  of  the  agitation,  dying  away 
as  the  river  regained  a  state  of  quiescence. 

The  average  temperature  of  the  cave  has  long  been  r^jorted 
inoorreotly  to  be  w°  Fabr.  Temperatare  observations  were 
miide  by  na  in  al!  parts  of  the  cavp  that  we  visited,  using  a 
tlieniiumcler  Iram  the  Tower  Company,  C'lie?ter,  PennsvivanJa, 
\wlk-U  in.liciited  88°  in  the  hotel  oiricc  (August  19th,  18*78.)  :iii.l 
liii'  ill.  the  cave.-i  mouth  We  were  careful  to  suspond  the 
iii-tnimeiit  by  itii  rin^f  in  each  in.sUinee,  and  to  hold  it  at  a  dis- 
VAWf  from  the  jieivnn  iind  the  lamp;  particulai-s  about  which 
oili.-is  may  not  have  taken  suihi-ient  \mm.  The  mercury  ^tou.J 
lii-hesL  in  llie  liottinda,  whei'o  it  rcnclieii  58".  The'lowe.t 
[.■Inp.rature  was  fi.iiihl  in  Lu<'y",'^  Dome,  namely,  rA\  It  was 
~j7  ill  three  places  ;  but  in  furty-two  observations  tiie  iiieivtirv 
^.lood  at  5ti'.  The  water  in  all  the  river:^  w;us  :t\so  at  u(>^ 
in-itvad  nf  at  54°,  as  often  .stated.  In  three  springs  the  incrourv 
fell  to  u3°,  and  in  one,  Kieliardfioii'.s  Spring,  to  bt°,  whieh  Wii.-^ 
the  hiwe.st  degree  marked  anywliere.  The  tCTnpcratnre  of  the 
rivers  is  identical  with  that  of  tlic  atmosphere  over  tlioin;  tin' 
api'Liivnt  dill'erenee  being  due  to  variation  in  conductivitv. 
'j'he  average  temperature  of  the  cave  may  he  lixed  at  5tj^ 

4,  ]Vi/tiii<('ft  ('w''. — Tlic  entrance  to  Wyandot  cave  is  in 
(.'raw  lord  County,  Indiana,  lialf  a  mile  from  Blue  Kiverand  live 
tiiiles  from  the  Ohio.  A  ma|i  of  the  cave  was  prepared  by  I'r. 
Talljut  in  1852,  revived  by  me  in  1854,  and  published  in  OwenV 
Indiana  Geological  Keport,  in  18(50.  A  new  map  is  sborilv  to 
a]i|>car  noting  corrections  and  recent  discoveries.     The  Iciigtb 
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of  the  cave  is  twenty-three  miles,  including  all  the  avenues.  It 
has  many  fine  halls  and  domes,  the  largest  of  which  has  a  cir- 
cumference of  1,000  feet,  and  is  said  to  be  205  feet  high.  The 
name  has  hitherto  been  Mammoth  Hall ;  but  it  is  now  re-named 
Bothrock's  Cathedral,  to  avoid  confusion,  and  also  as  a  tardy 
recognition  of  the  worthy  man  who  originally  purchased  the 
place  from  the  government  and  left  it  as  a  hentage  to  his  sons. 
Wyandot  Cave  should  be  visited  even  by  those  who  have 
already  explored  the  greater  cavern  of  Kentucky ;  for  it  is  far 
richer  in  stalactitic  ornamentation,  although  less  abounding  in 
gypsum  rosettes  or  "oulopholites."  The  stalactites  are  of  the 
fine-grained  translucent  kind  often  called  alabaster,  and  much 
resembling  the  Mexican  onyx. 

Thermometrical  observations,  made  by  the  same  instrument 
and  methods  used  in  Mammoth  Cave,  snowed  that,  while  the 
temperature  of  the  outer  air  was  76®,  that  of  Wyandot  Cave 
averaged  55^^  The  highest  temperature  was  found  in  the 
Pillared  Palace,  57° ;  the  lowest  in  tne  Wyandot*s  Council-room, 
54® ;  elsewhere,  out  of  twenty -two  observations,  an  equal  num- 
ber indicated  55®  and  56®.  In  two  springs  the  water  was  found 
to  liave  a  temperature  of  52®,  and  in  one  of  54®.  Thus,  instead 
of  being,  as  has  often  been  said,  6®  colder  than  Mammoth  Cave, 
we  found  it  only  half  a  degree  colder. 

An  important  discovery  was  made  last  April  by  a  party  of 
students  from  Wabash  College,  led  by  Mr.  C.  E.  Milroy.  rove- 
ing  their  way  through  a  low,  narrow  passage  for  fifty  feet  from 
a  locality  marked  on  the  map  as  the  Kugged  Pass,  they  entered 
a  realm  of  chaos,  named,  after  its  discoverer,  Milroy*s  Temple. 
Pits,  miry  banks,  huge  rocks,  are  overhung  by  galleries  of 
creamy  stalactites,  vermicular  tubes  intertwined,  frozen  cata- 
racts and  all  in  short  that  nature  could  do  in  her  wildest  and 
most  fantastic  mood.  Among  the  many  curiosities  of  this  ex- 
traordinary place  is  a  row  of  musical  stalactites,  very  broad 
and  thin,  on  which  a  chord  can  be  struck  or  a  melody  played 
by  a  skillful  hand.  This  discovery  has  stimulated  research. 
We  ourselves  followed  the  guide  through  a  trench  dug  by  him 
in  a  clay-bank,  into  a  chamber  where  the  floor  was  thickly 
strewn  with  charred  fragments  of  hickory  bark,  and  two 
torches  long  extinct  were  sticking  in  a  crevice  in  the  low  ceil- 
ing. The  tracks  of  some  wild  beast  were  also  found  which  led 
us  to  name  the  place  the  Wolfs  Lair.  The  roof  seems  to  have 
&llen  in  since  the  torches  were  left  here ;  and  our  compass  told 
us  that  the  closed  avenue  must  have  led  to  Banditti  Hall,  within 
1,200  feet  of  the  mouth.  Animals  of  various  kinds  are  known 
to  have  frequented  this  cave  in  former  days.  We  saw  the 
skeleton  of  an  opossum  and  also  of  a  wild  cat,  besides  many 
stout  poles  from  five  to  eight  feet  long,  marked  by  sharp  teeth 
in  some  ancient  contest     "  Bear-slides  "  are  showu  in  &^^^^ 
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j>I&C4»,  wber«  the  rocka  are  blackened  and  polisihed  as  if  br  tkqf 
nibbiug  of  far.  "  Bear-walliwH  "  are  also  pointed  oat;  bal  on 
our  recent  visit  we  diKovered  tliis  to  be  a  mifinomer. 

Band*  of  black  flint  ar«  foiind  in  the  limestooea  (A  the  soalb 
arm  of  the  cave,  soroetimeM  in  continoou^  belts,  but  uftener  ni 
rowa  of  nodules  varjing  in  size  from  one  to  ten  tocbea.  Oco»-* 
sionallj  thev  have  a  geolic  form  and  a  crvstallioe  center,  aliov^ 
iiig  that  the  iiilteeom  particles  had  collected  aboat  a  foe^ 
RDcIeua.  Between  these  bellfi,  or  rows,  is  usnallv  a  challtf 
subetanco  easilj  cat  with  the  knife  or  even  by  the  6nger  tiAiL 
The  so-calleJ  "  bear  wallows  "  are  where  the  flint  is  most  abaitb 
dant  and  of  the  best  (joatitv,  as  near  the  Pillar^  Palace. 

Beside  each  depression  is  a  pile  of  ashes  with  bits  of  hickorf 


bark.  Digffine  into  the  wallow,  oaantittea  of  fitnt  chips  w< 
brouEhl  toligbl.  Piles  of  Slut  blocks  abound  in  wbkh  wo^ 
buncfreds  of  them,  each  piece  having  parallel  faces,  and  aversg*-] 
ing  foar  inches  in  length,  one  or  two  inches  in  width  and  one- 
half  inch  in  thickness.  It  was  evident  to  me  that  they  were 
split  l>/  the  Indians  from  the  ovnl  nodules  as  materials  for 
arrow  tips  or  spear  heade.  We  foatid  quartz  pounders  with 
which  the  splitting  mav  have  been  done;  but  nomanufactared 
articles  except  a  siuafl  saucer  cut  from  sandstone  which  had 
once  held  some  black  substance.  The  place  was  plaiulj  a  mine 
and  not  a  &ctory.  Our  search  at  the  month  of  the  cave  waa  : 
rewarried  hv  the  discoverv  of  "jnantitie^i  of  flint  chips  and  also 
a  imijil>er  of  fii)ishe.i  ;trr.j\v  heads. 

hi.li;in  fnnt-[,nrit.<  u>-rr  visiKlc  in  .-dl  parts  of  the  lunv  oave 
v.liri,  lir.-t  .■.NhL.r.'dr  and  I  n^aw  them  in  IS.'.i.  i.ltlion-h  rwn- 
ll,..v  are  n),lJtL-rat^^l.  Tlie  ean-  toa-li,-,  ?•>  ahundant  :a  -  Chief 
Citv""  in  MaumK.th  Cave,  whieh  were  sni-posed  tn  he  filhd 
uitli  l>earV  U\  wlien  rvadv  lor  n^e.  are  raiviv  t'oiuid  in  Wvand^t 
(juv.  whieli  J=-erns  f.  have  heeii  li<:hte.l  hv'l.iuidle^  of  hiekorv 
liark  i-Jiit.-d  l.vs].liMUT.-<..rvaii..uskir.d/of  wood. 

What  is  known  as  tlio  "Old  Cave"  was  worked  bv  .-^alt- 
["■;.T  iiuii.Ts  ill  1^12.  an.i  suiidrv  ai-ts  of  vandalism  have  l.een 
<di;n-i'd  on  lliern.  wliieh  il  is  more  pmha^lc  were  done  l>v  ihe 
ahon'..Jii..s.  The  finest  stahie^-slahiuniilio  eohimn  i.rot.al'iv  in 
\\u-  world  i.  ihe  l^iMar  of  the  Con-^titution  at  the  end  of  the'Old 
Cav--.  \\m-v  mih-s  from  the  mouth.  It  is  -ill  feet  high,  an.i  ■>::. 
i—i  ill  diameirr.  ^itid  it  rest.^  on  a  base  30"  lectin  circiinifereriee. 
Til-  w<'i-lil  of  this  immense  mass  of  alahaster  eau.sed  tlie  sub- 
jacent roeks  to  settle,  aii'l  this  in  turn  rraeked  tlic  ba^e,  o|ieninj 

iiiidii!s  to  one  foot.  A  larjfc  scL'ment  lias  liecn  eut  from  the  base 
of  this  (column.  Startii]<:  from  the  ereviees.  .iu  excavation  was 
made  eiitlin^'  a  in:iss  fiom  the  base  havint;  an  are  (if  tbirtv  fi-.-i. 
and  makin^j  aeavity  irit')tlic  pilhir  itself  ten  feet  wide,  seven  fee! 
Jiigh   and  live  leel  i\i:e,Yi,    '\!V\\s<i-s.envutiou    lias  hitherto   been 


H,  C.  Hovey — Discoveries  in  Western  Caves.  471 

regarded  as  a  deliberate  plan  of  the  miners  to  fell  the  column. 
But  we  have  a  diflferent  explanation  to  offer.  Tracing  the  right 
edge  of  the  cut  we  find  it  running  underneath  a  stalagmitic 
wrapping,  eight  feet  wide  and  ten  inches  thick  at  its  thickest 
part  Inspection  shows  that  drippings  like  those  now  healing 
this  wound  were  at  work  before  it  was  inflicted,  and  that  the 
incision  was  made  through  a  mass  similar  to  that  by  which  it 
is  at  present  overlapped.  Rothrock's  experiments,  carefully 
carriea  on  for  a  long  term  of  years,  fix  the  rate  of  stalagmitic 
growth  in  this  portion  of  the  cave  at  one  inch  a  century.* 
Hence  the  excavation,  instead  of  being  made  in  1812  must 
have  been  completed  a  thousand  years  ago.  Its  age  may  exceed 
that,  and  it  cannot  be  much  lesa  Following  the  talus  of  pure 
white  stonas  that  have  rolled  down  under  the  ledges  of  black 
limestone,  we  find  them  sometimes  cemented  over  a  cavity 
where  nature  has  had  time  to  produce  groups  of  exquisite 
stalactites  since  the  quarry  was  worked,  confirming  the  explan- 
ation above  given.  Further  search  enabled  us  to  discover  the 
tools  with  which  the  ancient  workmen  wrought,  whoever  they 
were,  namely,  numerous  round  or  oblong  granite  bowlders, 
extremely  hard,  and  of  a  size  suitable  to  be  grasped  by  the 
band  or  twisted  in  a  withe  and  swung  as  a  maul.  They  could 
not  have  been  carried  to  the  end  of  the  cave  by  the  action  of 
water,  for  it  is  twenty  feet  higher  than  the  mouth.  The  region, 
moreover,  is  south  of  the  line  of  Glacial  drift  It  seems  certain, 
hence,  that  they  were  brought  from  a  distance  by  persons  having 
access  to  no  better  tools.  Their  ends  also  are  battered  and  whit- 
ened by  use  as  poundera  No  manufactured  articles  were  found 
on  the  spot;  ana  only  shapeless  disintegrated  fragments  were  up- 
turned at  the  mouth  of  the  cave.  It  is  our  conclusion  that  from 
this  alabaster  mine,  blocks  of  a  convenient  size  were  carried 
away,  perhaps  by  successive  generations,  as  a  choice  material 
for  ornaments  and  images.  Those  who  wrought  here  by  torch- 
light may  have  been  of  the  same  race  that  dotted  the  Ohio  val- 
ley with  mounds,  and  whose  era,  according  to  Mr.  C.  C.  Jones 
(Hon.  Remains  of  Georgia,  p.  59)  was  synchronous  with  the 
date  of  the  mine  as  estimated  in  this  article.  Ornaments  of 
alabaster  have  been  repeatedly  exhumed  among  Indian  relics 
in  the  Southern  States ;  and  more  careful  research  may  find 
similar  objects  amid  the  tumuli  of  Indiana,  though  perhaps  not 
abundantly.  For  alabaster,  though  a  very  durable  material, 
when  not  exposed  to  the  elements,  is  fibrous  in  its  nature,  and 
would  be  liable  to  decay  amid  the  frosts  and  sunshine  of  ten 
centuries;  as  we  know  from  the  crumbling  specimens  found 
outside  in  the  vicinity  of  the  cave. 

*  Dr.  Binkerd's  estimate  of  stalagmitic  growth  in  Mammoth  Cave  fixed  it  at 
one  inch  in  7,500  years ;  which  makes  Rothrock's  estimate  seem  very  moderate 
indeed!    (See  Binkerd*s  Mammoth  Gave,  p.  54.) 
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Abt.  LTL— rAc  ChvitM  Offlcml  Almanac;  by  Professor 
iLARHmGTOS. 

This  docament,  highly  important  to  aboat  one-third  of  the 
hatnao  race,  is  issued  annually  in  December  and  is  carefully 
prepared  by  the  Board  of  Astronomy,  an  important  body, 
imperially  appointed,  presided  over  by  a  prince  of  the  royal 
blood,  nnd  equal  in  dignity  to  any  other  governmeot  body  in 
the  empire.  The  Almanac  is  bestowed  as  a  special  act  of  grace 
by  the  emperor  on  the  Coreans,  Lewchewans,  Annamiies  and 
other  tributary  states.  As  this  publication  ia  so  highly  re- 
spected by  tue  Cbinese  it  may  fairly  be  considered  as  the 
representative  of  the  highest  state  of  astronomical  science 
reached  by  thum,  and  it  is  therefore  worth  our  while  to  ex- 
amine it  carefully. 

On  examininj^  one  of  these  books  we  find  it  to  consist  of 
two  distinct  parts,  the  astronomical  and  the  astrological,  the 
latter  being  much  more  fully  represented  than  the  former. 
Taking  up  first  the  a.stronomical  part,  we  find  that  eclipses  of 
the  sun  and  moon  lire  not  mentioned.  These  are  not  printed 
in  the  Almiinac,  but,  as  the  writer  was  informed  by  an 
'Se  of  the  Astronomical  Board,  are  computed  and  pub-  , 
-jQBt  before  their  occurrence.  It  is  well-known  to 
foreigners  resident  in  China  that  the  predictions  are  never 
accurate,  but  are  somotinies  as  niuoli  as  an  liour  in  error. 

The  tinii's  nC  siiunsc  am!  pmiFct  are  ^ivon  for  forty-eicht 
day.i  ill  tiic  Chiiicsc.'  yciir.  Tlie  dates  are  from  thifedavi!  to 
fifteuii  ii)>;n-t,  luid  tin;"  iiitorvals  are  smallest  when  the  siiii  ia 
c-lian;,niif(  liis  dL-cliiiiiiiui;  most  rajiidly.  The  limes  of  rising 
and  .-netting  at^'  very  .symmetrically  arranged  and  tiif  same 
Iiuurs  are  repeated  from  year  t<>  year.  As  it  is  the  hour  ot 
rising  and  setting  thai,  ts  rejieated.  and  as  the  Chinese  month 
is  the  lunar  one,  the  dales  are  changed  each  year.  Were  it 
not  fnr  tyiin;:r!iphical  errors  the  arrangement  would  aj^pear 
very  awuniie  ami  Tioat.  By  examining  the  Almanaes  for 
several  yeur.s  \vc  arc  ahle  to  eliminate  the  blumlcrs  in  the 
plale.s.  and  we  then  make  (Hit  that  the  figures  are  the  SL-mi- 
diurnal  ar<;s  of  a  stjir  having  a  declination  equal  to  that  of  the 
.sun  on  the  given  date.  Tliis  is  easily  seen  from  the  aecoiu- 
panving  table  (A).  The  third  vear  of 'Kuaiig  Ilsii  hcLran  with 
the'newmoou  in  February,  1877,  and  e.ieh  sueee.ssive  ni.^mh 
with  the  .successive  new  moons.  The  fourth  vear  nf  Ku;iii:J 
IIsu  U'gan  with  the  new  moon  of  February."  1B78,  and  tin' 
twelve  months  Ibllow  as  in  the  jircccding  year. 

It  will  be  oli.served  that  in  the  rising  and  setting  of  the  sua 
as  given  in  tiiis  table  the  corrections  are  altogether  al>seiii- 
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— Time*  of  Sunrise  and  Sun»^  at  Peking,  as  given  in  tlie  Chi- 
nese Almanac,  with  the  voTrfsponJiixj  aemirdiumal  arce. 

Tubs  3d  akd  4tb  or  Kcuio  HsO,  iei7-T9. 
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The  eouiition  of  limo  is  disregarded  as  is  common   to  most 
oriental  nations.     This  cuaiom  takes  its  origin  in  the  use  of 
Bun-dials  and  ia  natunil  wben  tbe  use  of  time-keepers  is  not 
"  common.     We  are  not  quite  justiBed  therefore  in  looking  on 
the   aViseuce    of    this   correction    as   a  fault   \o    the   Chinese 
AJmanac      But  the   orrectiona   for    semi-diameter    and   for 
refraction  are  also  uWent  and  for  their  absence  ve  can  find  no 
excuse.     These  corrections  at  Peking  may  amount   to  more 
than  five  minutes.     The  times  given  in  the  Almanac  are  cor- 
rect only  when  the  corrections  neutralize  each  other,  and  as 
that  is  only  twice  each  year  for  sunrise  or  sunset  we  find  that 
only  about  four  per  cent  of  these  predictions  are  correct  in  the 
Almanac. 

\i.—  Time9  of  Moon's  Qiiariermg  at  Peking,  (u  given  in  the 
Chinese  Almanac. 

3l>  Tbab  Qt  KCABO  Hse,  1877-78. 
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minute,  it  is  a  fair  presumption  that  they  are  offered  as  correct 
But  an  Astronomical  Board  which  can  not  compute  the  time 
of  sunrise  can  hardly  be  expected  to  be  accurate  m  its  calcula- 
tions on  the  moon's  motions.  Table  B  shows  the  amount  of 
the  error  for  the  last  year.  The  errors  are  not  eliminated 
when  we  use  apparent  time  in  the  foreign  times.  By  examina- 
tion of  the  Chinese  predictions  for  two  years  we  find  the  range 
of  error  is  from  fifteen  minutes  fast  to  twenty-six  minutes  slow, 
or  a  total  range  of  forty-one  minutes,  while  the  percentage  of 
correct  predictions  is  only  threa  The  character  of  the  errors 
involved  defies  solution. 

The  Chinese  year  is  divided  into  twenty-four  seasons,  about 
fifteen  days  apart  and  depending  on  the  sun's  right  ascension. 
The  most  of  these,  such  as  ** little  cold,"  "great  c<^ld,"  "rain- 
water," "excited  insects,"  etc.,  are  not  recognized  by  western 
science,  but  four  of  them,  viz.,  the  equinoxes  and  solstices  are 
common  to  astronomy  universal,  and  can  fairly  be  criticised 
by  foreigners.  According  to  the  Chinese  the  sun  is  at  the 
vernal  equinox  at  7  h.  43  m.  p.  M.  According  to  foreign 
calculation  the  Peking  time  for  the  same  phenomenon  is  7  h. 
26  m.  P.  M., — making  the  Chinese  17  m.  slow.  Their  summer 
solstice  is  29  m.  slow ;  autumn  equinox  49  m.  slow  ;  winter 
solstice  85  m.  slow. 

The  preceding  quotations  are  for  Peking ;  the  accompanying 
foreign  times  are  computed  from  the  British  Nautical  Almanac 
and  reduced  to  Peking  local  time.  The  position  taken  for 
Peking  was,  longitude  116°  26'  east,  latitude  39^^  55'  north. 
The  Imperial  Almanac  also  gives  predictions  for  several  other 
points  scattered  over  the  empire,  but  the  predictions  are  more 
complete  and  probably  quite  as  accurate  for  Peking  as  for  the 
other  points. 

We  come  now  to  the  part  of  the  Almanac  which  the  Chinese 
consult  much  oftener  and  consider  much  more  important,  viz. 
the  astrological  portion.  Much  of  this  is  made  intentionally 
obscure ;  for  the  full  comprehension  of  it  a  prolonged  study  of 
Chinese  philosophy  and  astrology  would  be  necessary, — and  a 
more  barren  field  for  scientific  research  could  hardly  be  con- 
ceived. The  remainder  which  makes  up  the  body  of  the 
Almanac  is  intended  to  be  a  practical  guide  in  the  common 
affairs  of  life.  The  following  is  a  translation  of  this  part  for 
the  first  few  days  of  the  current  Chinese  year. 

The  first  day  is  favorable  for  sacrifice  and  for  entering  school  ; 
at  noon  it  is  allowable  to  bathe.  It  is  unfavorable  for  starting 
on  a  journey  or  changing  residence. 

The  second  day  is  favorable  for  sacrifice  and  bathing.  It  is 
unfavorable  for  starting  on  a  journey,  removing  or  practising 
acupuncture. 
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The  third  (Iat  ;  it>fm  are  no  indicationsL 

Tbft  fourth  day ;  may  receive  or  make  vtsits  and  cat  out 
clothea :  at  7  A.  JL  may  dnv  up  cootncts,  barter  and  make 
preaeola.     May  not  go  ou  a  joamey  Dor  break  ground. 

The  fifth  day  ;  may  visit,  bathe,  shave  aad  dean  ap.  Hay 
Dot  plant  and  sow. 

The  aixth  day  is  birorahlc  for  sacrifice,  ooDJngal  uaion.  visit- 
iDg,  taking  on  n  new  servant,  starting  on  a  journey,  removing 
manying,  repairing,  baildiog.  breaking  ground ;  at  3  a.  m.  raay 
draw  up  contracts,  open  shop,  baiter,  send  present^  seal,  test 
the  schI  and  bary. 

The  wventli  dity  ;  may  level  roads  bat  must  not  start  on  a 
journey. 

The  eighth  ;  may  sacrifice,  memorialize,  enter  office,  aa^ooie 
ceremonial  clothes;  at  5  a.  M.  may  £iit  toward  the  southeast; 
alao  favorable  for  conjugal  union,  visits,  weddings,  taking  on  a 
new  servant,  starting  on  a  journey,  erecting  uprights  and  pat- 
ting on  crossbeams,  building,  removing  soil  and  burring. 

And  so  it  goes  on  for  nearly  every  day  in  the  year.  Enough 
has  been  translated  to  show  the  excessive  childishness  and 
absurdity  of  this,  the  principal  part  of  the  Imperial  Almanac 
On  the  17th  one  may  oe  treated  for  illness  and  open  cacfies  of 
provisions.  On  the  22d  it  is  allowable  to  pull  down  old  houses 
and  walls  bat  drains  miurt  not  be  opened  or  wells  dug  until  the 
27lli.  Arrests  shnuld  lie  made  on  the  2.'>lh  :  tlii?  i?  thf>  .>nlv 
favurahk'  dav  in  tlie  riiniitb — a  verv  satisfactorv  arranHOiiieiit 
for.TidiiiiaU  Tli.TO  aiv  f.,ur  davs"  in  30  on  whiuii  one  uiav 
cm  .-11  ■■'..■lh'-~  ;mmI  the  ^aiM.i  miiiih.T  un  which  ..u^'  niaV 
sw..,|.  ,ii,.l  rl..H;i  up.  U  is  a.lvi.C'l  h>  sliav^'  on  tlic  r,i\u  T^pI. 
ai^.i  ■i:>t\K  and  tn  l>a(lir  7  llui.'s  Ui  llie  njonili.  Unf.rmnateiv 
l\i':  iiit-rvals  l,clvv-,'-ii  tljij  l.atli-dav,<  are  uiu-iua!.  and  ihe 
l>oli.-vri-i„  tliL'  Alniari;.^  niu>t  wail  fiv.m  the  .^tli  t.i  th,-  18th 
Jiii.l  fn.ii,  th.r  Utii  tn  ihi'  '>:'..].  Brsi.lo.s  <.n  ihi-  l^t  l.atliin-  i- 
fav..n,l,h.  al  an  in-f-nvenii-nt  hanr.  viz.    noon  ;   the  hour  ,,n  the 


iimi  li-vn.  hr  -uvh-^  lU<-  ino^i  of  his  niurc  inipnr 
the  Ahiiana^\  The  l">nrei-  ^his.-^^^.s  waU-h  tlie  . 
fullv  and  nniiTV,  hnrv  and  do  oilier  thiii^-.-^  onlv  w 
an-l  it   i^  to  !"■  faired  tliat  tin-  i.elter  ediiuatrd  do 

jouni.'V   norent-rotli-eexeei.l   on   favorahie  dav 
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SCIENTIFIC    INTELLIGENCE. 
L  Chemistry  and  Physics. 

1.  On  the  Determincztion  of  Carbonic  Add  in  Mineral  waters. 
— BoBCHBBS  has  proposed  a  new  method  for  determining  both 
the  free  and  the  combmed  carbonic  acid  of  a  mineral  water.  He 
uses  in  general  the  apparatus  devised  for  this  parpose  by  Classen, 
bat  modified  in  its  details  to  suit  the  new  methoa.  It  consists  of 
a  flask  to  contain  the  water  to  be  tested,  through  the  cork  of 
which  two  tubes  pass ;  one  a  safety  tube,  ending  near  the  bottom, 
through  which  hydrochloric  acid  can  be  poured  and  air  aspirated ; 
the  other  attached  to  an  upright  condenser  surrounded  by  a  cooling 
cylinder.  From  the  top  of  this  condenser  passes  a  rubber  tube  to  a 
U-tube  filled  with  glass  beads  moistened  with  sulphuric  acid.  To 
this  is  joined  a  Liebig's  potash  bulb,  a  soda-lime  tube  and  an 
aspirating  bottle.  With  this  apparatus  three  preliminary  experi- 
ments were  made.  In  the  first,  hydrochloric  acid  of  sp.  gr.  1'06, 
was  boiled  in  the  flask  for  an  hour,  and  then  air  free  from  CO 
aspirated  through  it;  the  potash  apparatus  lost  0*0120  gram  ana 
the  soda-tube  gained  0*0115  gram;  thus  proving  the  perfection  of 
the  apparatus.  In  the  second,  a  measured  volume  of  cold  water 
saturated  with  carbonic  acid,  was  placed  in  the  flask  and  gradu- 
ally heated  to  boiling,  air  being  drawn  through  afterward.  The 
increase  of  weight  of  the  potash  bulb  and  soda-lime  tube,  repre- 
senting the  carbonic  acid,  agreed  well  with  the  amount  obtained 
by  Fresenius'  method ;  thus  proving  that  the  free  carbonic  acid 
of  a  water  is  entirely  driven  out  by  this  method  of  treatment. 
In  the  third  experiment,  it  was  proved  that  bv  sufficient  boiling, 
the  carbonic  acid  combined  as  acid  carbonate  (bicarbonate)  could 
be  wholly  driven  off  The  analysis  is  made  as  follows:  The 
mineral  water,  previously  well  cooled,  is  introduced  into  the 
flask  by  fitting  to  the  bottle  containing  it,  a  cork  carrying  two 
tabes  like  those  of  the  ordinary  wash-bottle.  The  flask  preferred 
is  of  the  form  known  as  Erlenmeyer's,  a  mark  being  made  upon 
the  side  to  measure  the  quantity  introduced.  After  connecting 
it  with  the  apparatus  the  liquid  is  heated  gradually  to  boiling, 
this  boiling  being  continued  till  the  solution  in  the  potash  bulb 
begins  to  retreat.  A  liter  of  air  is  then  drawn  through  the 
water,  the  boiling  and  the  following  aspiration  being  repeated 
one  or  more  times  according  to  the  amount  of  bicarbonate  present. 
The  increased  weight  of  the  potash  bulbs  and  the  soda-lime  tube 
is  then  noted,  as  the  free  carbonic  acid.  By  means  of  the  funnel 
tube,  hydrochloric  acid  is  allowed  to  enter  the  flask  slowly  to 
decompose  the  carbonates.  The  liquid  is  then  boiled  and  aspirated 
as  before.  The  second  increase  of  weight  represents  the  combined 
carbonic  acid.  Treating  the  Selters  water  m  this  way,  a  liter  of 
water  gave  free  carbonic  acid  2*4911  grams,  combined  0'5699, 
total  3*0610  grams,  against  8*0934  found  by  Fresenius.     Ems 
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KrilncHeii  g»ve  Tree  CO,  1-5277,  combined  0-8782,  total  2*2059 
er&ma.  CartsUad  Seltlosabrunnoo  1-4122  (ne  CO,,  0-7MA  oom- 
bine'l  CO^  total  3-2088  grams.  Harieobail  KreiubniDnen  2-0355, 
coiobiiKd  0'9055,  total  3-5408  grama. — J.  pr.  CA.,  II,  xTii,  353, 
July,  1878.  o.  F.  BL 

2.  On  trttramarinea  of  variuug  mftah. — The  Dradoction  ffy>iB 
the  blue  ultramarine  containing  aodiQiu,  of  a  yellow  uttranaaniie 
in  which  the  sodium  is  replaced  by  silver,  was  accompliitbed  Mme 
time  ago  by  Heumann  by  beating  the  former  snbsiance,  mixed 
with  a  conceotrated  solution  of  silver  nitrate,  to  120'  in  a  iiealed 
tnbe.  The  attempt  to  form  other  analogous  uUramariDe^  in  thb 
way  was  a  failure.  IJkFobcraxd  and  Balun  have  dow  eue- 
ceeded  in  devisiag  a  general  method  of  jireparing  nlM-amariuM 
containing  different  metals,  and  by  which  they  have  already  pw»- 
daced  potassium,  barium,  nnc  and  magnesiatn  ultramarines.  Tti« 
process  coiieista  in  producing  the  yellow  silver  ultramarine  by 
tbe  above  method  and  then  in  heating  an  intimate  mixture  of 
this  with  the  metallic  chloride  desired.  To  produce  tbe  silver 
product,  tbe  authors  beat^-d,  for  fifteen  hours,  ten  sealed  tabes, 
each  containing  five  grams  of  blue  ultramarine  and  ten  gnims  uf 
silver  nitrate  in  concentrated  solution.  On  openine  tbf  tubes, 
fteventy-five  grama  of  pare  silver  ultramarine  was  oblaiited  uon- 
tainiog  4(1*03  per  cent,  of  silver.  Cnder  tbe  microscope  it  appeared 
a  perfectly  homogeneous  mass  of  transparent  yellow  grains.  It 
contained  silicon,  aluminum,  sulphur,  silver  and  oxjjmi;  is  iosot- 
nble  in  water,  and  nndeoomposable  by  strong  mds.  Heated  vHlh 
an  ititimute  a.lmitture  of  soiiinm  chloride  repeatedly,  the  soditira 
r,-j.l:u't-(  ^iLiiiiTi  [)k-  >11v,'1-  -.iini  a  l)lui>  ullriiiiLiiriiit*  is  ubtiiiue,].  of  u 
muru   liiiiutLriil    sliiidp,  uud    otituining    li-ss   of  vioiot    than    The 


.Tiii'ilik-  tliL'  ivijuiiv.i  i-ropnitioiis  ,.r  any  suitable  stwl  and 
»\\uv  '>(  iron  aixl  .■liroiuiutn  calli^.l  ifiTu-c'liroTiiiuni.  This  -Ah- 
olil:liiivii  liy  tlji-  -liroct  rciuitiun  of  chromic  iron,  and  w1il-ti  in 
ill  tij.-  (-.Mcild..  iriav  coiitaiiL  sixtv  to  scv.^ntv  |rt  cent  ..1  elirumii 
but  oulv  >cvcii  to  tcji  whfn  nia>lo  in  a  iiigli  furnace.  Tlu^ 
Cowry  of  lliis  slccl,  the  aullior  attributes  to  Hertliicr  in   t^Jii,  : 

ma.k-  tivo'chr-rne  8lccis,  .>nt-  contaiiiiny  n  (no,  tjic  otlar  n'-t>I. 
cIiroMii.itn,  wliici,  were  of  excellent  ,|uulity  an<l  were  Avurkcd  i 

]HTii]g.    (hic  ijf  tlicsc  s^tccls  contaniud  0  (110  of  chromium  ■iml  u- 
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of  carbon,  the  other  0*0124  of  chromium  and  0*0031  of  carbon. 
The  first  could  not  be  tempered  at  all,  and  the  other  only  to  the 
extent  of  the  carbon  in  it  Further  experiments  with  iridium  and 
osmium  showed  that  these  metals  could  not  give  to  steel  the 
property  of  hardening.  He  points  out  the  fact  that  in  1867  in 
Antioquia  in  Central  America,  a  cast  iron  was  made  containing  from 
two  to  four  per  cent  of  chromium,  and  concludes  with  a  descrip 
tion  of  the  process  of  making  ferro-chromium  and  chrome  steel  in 
the  works  at  Unieux. — Ann,  Chim,  JPhys,^  V,  xv,  91,  Sept.,  1878. 

G.  I*.  B. 

4.  On  the  Etherijieaiion  of  the  Primary  Alcohols, — Menbohut- 
BLiN  has  studied  the  influence  of  the  isomerism  of  the  alcohols 
and  acid»  upon  the  formation  of  their  compound  ethers,  and  in  the 
present  paper  gives  a  table  showing  the  percentage  of  acetic  acid 
etberified  by  the  different  primary  alcohols  at  154°.  As  to  the 
velocity  of  this  etherification,  the  first  place  is  taken  by  methyl 
alcohol ;  then  follow  the  primary  saturated  and  then  the  primary 
unsaturated  alcohols.  The  author  calls  the  velocitv  of  the  reaction 
during  the  first  hour,  expressed  in  percentages  of  the  ether  formed, 
the  starting-velocity.  By  absolute  velocity  he  distinguishes  the 
ratio  between  the  quantity  of  the  acid  or  alcohol  etherined  and  the 
whole  quantity  taken ;  by  relative  velocity  the  ratio  of  the  portion 
etberified  during  the  first  hour  to  the  whole  quantity  finally 
etberified.  The  absolute  starting-velocity  of  methyl  alcohol  is 
55*59,  the  relative  80*8.  The  saturated  normal  primary  alcohols 
have  the  same  absolute  starting  velocities,  though  after  the  first 
hour,  alcohols  with  high  molecular  weight  show  greater  absolute 
velocities  than  those  of  smaller  molecular  weight.  The  relative 
starting  velocity  lessens  with  increasing  molecular  weight  in  the 
case  of  the  normal  primary  alcohols.  The  influence  of  isomerism, 
though  distinct  in  the  case  of  absolute,  is  more  marked  in  the 
case  of  relative  starting  velocity.  The  velocity  of  etherification 
is  less  in  the  unsaturated  primary  alcohols.  To  estimate  the  limit 
of  the  etherification,  numbers  are  taken  representing  the  final  per- 
centage etberified,  beginning  with  120  hours.  With  the  exception 
of  methyl  alcohol,  the  percentage  increases  with  the  molecular 
weight.  Isomerism  affects  the  velocity  of  etherification,  not  its 
limit.  The  unsaturated  primary  alcohols  show  lower  limits  than 
saturated  alcohols  having  the  same  number  of  carbon  atoms. — 
JBer,  £erl  Chem,  Ges.^  xi,  1507,  Sept.,  1878.  g.  ^.  b. 

5.  On  the  Preparation  of  AUyl  Bromide, — The  present  mode 
of  preparing  allyl  bromide,  by  dropping  phosphorous  bromide  on 
dry  allyl  alcohol,  is  tedious  and  possibly  dangerous.  Gbosheintz 
has  shown  that  this  ether  may  oe  readily  prepared  by  distilling 
a  mixture  of  allyl  alcohol,  potassium  bromide  and  sulphuric  acid. 
The  best  way  is  to  add  to  the  potassium  bromide  the  sulphuiic 
acid  diluted  with  its  volume  of  water,  and  to  heat  the  mixture  in 
a  distilling  apparatus.  When  the  hydrobromic  acid  begins  to  be 
evolved,  the  allyl  alcohol  is  allowed  to  fall  drop  by  drop  into  the 
liquid.     The  allyl  bromide,  which  distils  over  with  the  vapor  of 
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water,  u  washed  with  water  slightly  alkaliDe  and  drivd   orer 
calcium  chloride. — liuU.  Soc.  t-'A.,  11,  uu,  »8,  Aogiut,  T878. 

G.  F.  B. 

6.  On  a  Nete  Method  of  preparinif  Aldehydiuea. — Ladexbtsg 
allowed  aonie  time  ago  that  the  orthodiamiDee  could  be  readily 
distiitgutiibed  from  the  meta  aod  paradiamiuea  by  the  fact  that 
the  foniier  produce  with  aldeliyae  pennaaem  bases  which  he 
called  aldehydinea.  He  has  dow  jiroposed  a  uew  and  simple 
metho<]  of  prepariug  these  aldeh^diuea,  which  consists  simply  io 
agitating  a  dilute  aqueous  aolutiou  of  the  orthodiamine  hydro- 
chlorate  with  aldeiiyde.  A  tenacious  mass  is  at  firvt  formed, 
which  afler  a  long  time  on  staudiug,  or  more  quickly  on  adding 
alcohol,  paiBeH  into  a  colorless  cTyHtalline  hydrochlorate  of  the 
new  base.  ReorystalUisaiiou  givca  it  pure.  The  yield  ia  from 
fifty  to  seventy  per  ceoL — Ber.  JierL  Chem.  Ges.,  xx,  1646,  Se^, 
1878.  G.  F.  R 

7.  On  the  Von*tituenU  of  CoraUin. — Zitlkowskt  ha«  reexam- 
ined the  substance  loiown  as  corallin  and  has  succeeded  in  obiuii' 
ing  &om  it  two  homologous  bodies  corresponding  to  the  two 
homologous  rosanilines  discovered  by  Emil  and  Otto  Fischer,  the 
rosanilines  being  the  triamido  and  the  roaolic  acids  the  trioxy- 
derivatives  of  a  hydrocarbon  constituted  lUte  diphenylpheuylene- 
melhane.  The  first  of  these  rosolic  acids  cryntailues  in  ueedle 
maeses,  dark  rose-red  by  transmitted  light,  with  a  magnificent 
metallic-green  reflection.  It  has  the  formula  C^H„0,  The  sec- 
ond ifl  garnet-^vd,  crytrtalluea  in  right  rfaombic  prisma,  has  a  blue 
metallio  reflection  and  affords  on  analvfis  the  formula  C,_H,  O^. 
—LitOi'/»  A/m'ikn,  exciv,  109,  Sept.,  1878.  g.  f.  a 

8.  Oil  'I  N,-w  Oi-<jaiik  Jl-iKe  hi  the  A/ii„i<ilOri,ai'!.^ni.—icimRisv.R 
has  t-xatiiiiioil  a  frvstalline  siil,stanct>  loiiml  tiink-r  various  comii 
tions  ill  the  aiLimal'orgauisrn.  Il  «as  i.rq.ami  IVoni  th<.-  >|,i-rmatic 
flui.l  by  b..iliiig  with  alcoliol,  liJu-iiiig,  drying  the  n-si^m-  at  mr. 
aiLd  extracting  «  ii!i  uanii  watiT  (.■onlaiuiiig  a  lew  drops  uf  aiiimii- 
iiia.  On  fva|iiiratioii  iiniinicliiiic  crystals  an?  obtauiud,  whirh 
iirinTii  tn  hv  tlic  ]i]iosj)!iatt'  uf  a  uew  base,  whost'  hvdroclilorau* 
liail  rlic  formula  (.\H,NII{.'l. — JJe/iiff'n  Aiuuile'i,  cxiAv,  tiS,  :^<.-yi.. 
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greatly  to  illustrate.  Persulpbciric  oxide  is  an  example  of  a 
remar sable  class  of  componnds  whose  formation  is  attended  with 
the  absorption  of  heat,  and  whoHe  production  can  only  be  deter- 
mined by  the  expenditure  of  some  mode  of  energy.  Correspond- 
ing to  these  circumstances  of  their  genesis  are  the  facts  that  these 
compounds  are  very  unstable,  and  that  when  they  decompose  into 
more  stable  products  the  heat  previously  rendered  latent  becomes 
free.  Now  in  accordance  with  the  mechanical  theory  of  heat  we 
are  forced  to  the  assumption  that  the  expenditure  of  energy  attend- 
ing the  production  of  such  unstable  compounds  gives  to  the  parts 
of  their  molecules  a  certain  energy  of  position,  which  energy 
becomes  free  when  these  parts  fall  back  into  a  more  stable  equi- 
librium. But  this  evidently  implies  that  the  molecules  have  a  cer- 
tain structure,  and  if  so,  this  structure  is  a  legitimate  subject  of 
investigation.  We  find  it  therefore  difficult  to  understand  why  it 
is  that  M.  Berthelot,  while  furnishing  chemistry  with  some  of  the 
most  important  facts  on  which  the  modern  theories  of  molecular 
structure  are  based,  should  so  persistently  disparage  the  results  of 
those  who  are  investigating  the  same  subject  ^om  a  different 
point  of  view,  and  whose  conclusions  are,  at  least,  as  trustworthy 
as  his  own.  In  the  present  series  of  papers,  Ann.  de  Chem.  et 
Phys,,  July,  1878,  Dumas'  theory  of  types  is  revived  and  advoca- 
ted as  more  philosophical  than  the  generally  received  doctrine  of 
atomicities,  on  the  ground  that  it  is  not  so  much  the  nature  of  the 
radicals  as  the  so-called  type  of  combination  which  determines 
the  qualities  and  chemical  relations  of  the  resulting  products. 
But  in  the  present  state  of  science  what  conception  can  we  form 
of  a  type  of  combination  except  as  a  mode  of  atomic  grouping? 
and  what  is  the  doctrine  of  atomicities  except  an  attempt  at  a 
representation  of  the  habitual  mode  of  grouping  of  the  various 
atoms,  and  assuredly  the  great  class  of  chemical  students  whose 
doctrines  Berthelot  condemns,  are  all  engaged  on  the  one  prob- 
lem of  tracing  the  physical  as  well  as  the  chemical  relations  of 
sabstances  to  what  they  call  molecular  structure  ?  Lastly,  we 
taSX  to  see  what  advantage  the  phrase  "type  of  combination"  has 
over  the  term  "  molecular  structure."  Tiie  two  expressions  sug- 
gest the  same  general  thought ;  but  the  idea  of  molecular  struc- 
ture developed  as  it  has  been  by  the  investigations  of  the  last  ten 
years,  \%  a  more  definite  conception  and  one  which  correlates  a 
vastly  larger  number  of  facts  than  the  earlier  conception  of  chem- 
ical types,  and  it  must  be  admitted  that  the  value  of  a  working 
theory  depends  solely  on  its  power  of  correlating  facts. 

J.    P.    C,   JR. 

10.  Acoustic  Repulsion, — In  a  recent  number  of  the  Philosoph- 
ical Magazine  (October,  1878)  Lord  Rayleigh  has  given  a  mathe- 
matical explanation  of  the  curious  phenomenon  of  the  repulsion 
of  resonators  observed  by  Dvorak  and  Mayer  (Phil.  Mag.,  Sep- 
tember, 1878,  p.  J126.)  The  conclusion  is  reachea  that  the  reson- 
ator tends  to  move  as  if  impelled  by  a  force  acting  normally  over 
the  area  of  its  aperture  and  directed  inward. 

Aic  JouB.  Bol^Thibb  8BBIB8,  VOL.  XYI,  No.  96.^Dbo.,  IS78. 
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II.  Note  bifW.  GooLD  LBTi80K,«n  the  Sand  PiUcr  tlcMrihtd  in 
Ameriean  Jmimat  of  Seienef.,  September,  1870, />«(?«  241.'  (Com- 
municated.)—A  glass  rod  of  a  little  larger  diameter  ihati  ibe 
apcrlurc  in  tlio  neck  of  the  funnel  b  drawn  out  to  a  alerider  thread 

as  shown  bi'low. 


This  ia  then  cat  off  by  the  file  at  the  poiutH  <t,  b  and  <■,  forming 
two  pieces.  The  large  end  of  siieh  a  piece  being  held  lu 
the  flame  Boon  a«6unies  a  globular  shape,  forming  a  pear  of  glaiM. 
When  this  is  dropped  in  the  funnel  ihc  long  st.'m  rests  aa:i'>n»t 
its  Bide.  If  the  funnel  be  of  very  ihin  glass,  so  as  to  weigTi  but 
little,  and  the  end  of  the  stem  be  fused  fast  to  its  rim,  no  jar  will 
lootien  the  sand  or  precipitate,  and  it  forms,  probably,  the  must 
convenient  filter  for  drying  precipitntes  at  a  temperature  that 
would  char  paper. 


II.   Geoloqt  and  Mikkiulogy. 


I 


1,  Ao(«  upon  tJie  hUU>Ty  ond  valtu  of  the  term  "Huthon  Jiii„ 
Orotip,'"  ill  American  iieofogicil  Nomendature ;  by  Jamks 
Hall.  (I'roc.  Amer.  Assoc,  Nashville  meeting,  Augitet,  1877.) — 
The  term  Hudson  River  Group  was  employed  in  the  Reports  of 
^e  New  York  Geological  Survey  for  the  ebalee  aud  slates  ot«&,_ 
lying  the  Trenton  limestone.  Later  it  was  urged  by  Sir  Wlliiaid^ 
l,"!;:ni,  ■.\u-\  pnniiillv  luUnittcd   hv  Mr.  Hall,  tli:U  tli,>  shm-s  nf  the 


ndoning  tbf 


■J.  i:,h.,„tot 

.»//.■•</  Report  t.f  the  PriuceUm    S(k-i,tlfic.  E.>-p,.h- 

■mvf  \^-,-.; 

hv  liKvrfv  V.  OsiiuuN.  \Vm.  IJ.  S.orr  and  Fi;ax.  is 

■KUi,  .lit.      14 

(>  |i|i.  Mvo,   h-ilIi    Kiplarcs,   istk— Ibe   fxi.editioii 

DMI    I'rilK-.'tnl 

[1  ColU-j:.-  I;isi   MimnxT  lo  rolnru.lo  imd   Wv-vnin" 

tinn<>(l   with 

l^irtrc   aii.l   valuable   clle.-tiuos  of   lost^iis  '.is   ihi-; 

,.I,„rt  .■ibnti.b 

inllv  sliuivs.      Tlu-  Col-rad..  .■i.llerlini.s  were   nia.le 

the    bi'ds    t 

i.ar   Flunssatit,   sni>|io^cil   tn   \w   .Mioi-oiie,   atnl   in 

osc  neiir  the 
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Wealden  groups,"  and  those  of  Wyoming,  in  the  vicinity  of  Fort 
Bridger,  near  Smith's  Fork,  Henry's  Fork  and  Dry  Creek.  The 
species  embrace  Mammals,  Reptiles  and  Fishes.  One  of  the 
plates  represents  a  magnificent  specimen  of  the  skull  of  a  new 
species  of  UinUtthervum^  named  U,  Leidianum  /  and  a  second 
species  of  the  genus  is  named  U.  princeps.  A  paper  on  the  geo- 
logical work  of  the  expedition  will  appear  in  another  number  of 
this  Journal. 

3.  TTie  Ancient  Life-JStstory  of  the  Earth ;  a  comprehensive 
outline  of  the  principles  and  leading  facts  of  Paleontological 
Science;  by  Professor  H.  Allbyne  Nicholson,  M.D.,  etc.  407 
pp.  8vo.  New  York,  1878.  (D.  Appleton  &  Co.) — A  very  con- 
venient text-book  for  the  geological  student. 

4.  Manual  of  Mineralogy  and  Lithology  ;  containing  the  ele- 
ments of  the  science  of  minerals  and  rocks,  for  the  use  of  the 
practical  mineralogist  and  geologist,  and  for  instruction  in 
schools  and  colleges;  by  James  D.  Dana.  Third  edition  rear- 
ranged and  rewritten.  474  pp.  12mo,  with  many  wood  cuts. 
New  York.  1878.  (John  Wiley  &  Sons.) — The  second  edition 
of  this  manual  appeared  more  than  twenty  years  since.  The  new 
edition  now  published  is  a  new  work  in  nearly  all  respects,  and  yet 
retains  the  popular  feature  of  the  former  in  its  elementary  char- 
acter, and  Its  arrangement  of  the  ores  under  the  head  of  the 
prominent  metal  they  contain.  In  addition,  the  chapter  on  rocks 
Das  been  expanded  into  a  general  but  brief  treatise  on  the  subject 
containing  descriptions  of  the  kinds  and  their  prominent  varieties.* 

III.  Botany  and  Zoology. 

1.  Sfwrtia  gaiacifolia  rediscovered, — A  hundred  years  ago  the 
elder  Michaux  collected,  somewhere  in  the  mountains  of  North 
Carolina,  a  specimen  of  a  Pyrolaceous-looking  plant,  out  of  flower, 
or  rather  with  corolla  and  stamens  fallen,  a  dehiscent  capsule 
enclosed  in  a  persistent  imbricated  calyx  and  surmounted  by  a 
persistent  style.  It  was  not  noticed  in  the  Flora  Boreali- Ameri- 
cana^ which  was  prepared  by  L.  C.  Richard  from  Michaux's  col- 
lections. Early  in  the  year  1839,  I  found  and  examined  this 
specimen  in  Michaux's  herbarium,  and  I  received  from  the  band 
of  M.  Decaisne  a  drawing  and  some  fragments  of  it.  In  a  paper 
treating  of  the  botany  of  these  mountains,  contributed  to  this 
Journal  in  January,  1842,  I  ventured  to  found  a  genus  upon  this 
plant,  under  the  above  name,  trusting  that  the  diligent  search 
prosecuted  by  myself  and  by  all  botanists  visiting  the  region 
-would  duly  bring  it  to  light.  The  protract*>d  failure  of  these 
endeavors  has  thrown  an  air  of  doubt  over  the  minds  of  my  asso- 
ciates in  the  search,  as  to  the  actual  existence  of  any  sucii  plant. 
In  1868, 1  had  the  pleasure  of  announcing  in  this  Journal  (Ser.  II, 
xi,  402)  the  discovery  of  this  genus,  not  indeed  where  we  were 

*  That  students  may  not  be  led  astray,  it  is  proper  here  to  say  that  copies  of 
the  old  edition  have  been  printed  by  the  former  publisher  of  the  work,  Mr.  H.  H. 
Peck,  bearing  a  recent  date  on  the  title  page,  although  unrcvised  siuce  1 857. 
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expect  that  I 
r,  DAitx^f  hi  ij 


looking  fnr  il,  but  wlieiv  experieooe  bad  ted  me  to  expect  i. 
»iiy  or  ertry  pevuliar  Atlantic  States  type  miphl  recnr,  DAitx^j 
J»)ian.  That  is,  1  tdtiitifiei)  the  getiof  witli  tne  Schizocodon  uni- 
fltrrut  of  JilasimowicE,  wbich,  eingularly  enough,  was  known  only 
bygpecimen»  in  Ibc  eame  condition,  L  c.  with  calvx  and  }!yn<pctntn, 
bol  ncilber  corollii  nor  BtonieDB.  The  patent  refationBhip  of  tbee« 
spec'imenB  to  .Schizocodon  mldanetliiiiie*  of  Zuccarini  gave  groand 
(or  a  oonjectural  restoration  of  the  miesing  organs ;  and  I  ven- 
tured tbe  Miiiiion  that  Hhortia  (of  1H42)  and  Scfiizot-odou  (16*3), 
whether  of  one  genus  or  two,  wi-ro  most  related  to  Diapttuia. 
In  the  year  1870  (in  Prof.  Am.  Acad.,  viii,  243)  I  reconstructed 
the  order  I>iapentia''»p,  referred  to  a  separate  tribe,  Gaiacinea, 
the  g-nera  Gaiax  and  Shortia,  and  adopted  the  idea  of  a  probable 
identity  of  iSchizocodon  with  the  latter.  The  neil  year  Jkla»- 
mowioz  decided  that  the  two  genera  shonld  be  dUtioct,  founding 
this  concIoBion  upon  the  close  seed-coat  (confirmed  in  the  Japa- 
nese Shortia  unijtora)  and  the  campanulate  corolla,  with  lobe* 
undnlale-orenate  instead  of  fimbriate,  and  upon  nome  phuMMen 
in  the  stamens,  all  these  taken  trom  a  rude  figure  in  the  Japanew 
Soo  ISol^.,  iv,  fol,  S,  which  is  supposed  to  represent  &  wii/Cora, 
although  the  leaveit  would  (as  Masimowicz  rightly  observes) 
refer  il  rather  to  .S',  yulicifolia,  these  being  all  represented  aa- 
acute  or  in  one  dubious  case  subcordate  at  base,  instead  of  renit. 
form-cordat«.  The  identification  as  to  genus  is  doubtless  correct:, 
bat  the  analysis  of  the  flower  u  loo  rode  for  reliaoee  as  to  aO:, 
nlatlng  to  toe  atamens  and  the  aqnamuln.  Happily  I  can 
^ive  ihc  characliT!!  from  jin  .ictiiiil  tilns^-om. 

F..r  I  have  now  ruifive.l,  nt  first  itidirccllv  from  Mr.  J.  W. 
Conirdmi.  :,iiil  M  IcjiL'tii  ^linctlv  Iruiii  Mr.  M.  K.'llv.im^.  ol' Siute*- 
vili..,  Norll.  Caiolijia,  a  llnv.'miL'  fi.f.imoii  nf  thu  1olil'-^i>ui:1j 
.shurli"  <i-il.uur''>U-'.  Mr.  Ilviinis,  or  morf  >trifilv  liis  r-'.n,  Gf..ri:c 
Mi-(Ju.-(.-.j  llviiiiis.  collcc'tcl  it  oti  a  liill-sia,-  in  M;-Dowt-ll  CounV. 
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tnbo  coroUse  adnatis,"  in  Benth.  and  Hook.  Gen.  PI.  is  correct,  but 
I  know  no  then  extant  authority  for  it,  except  the  analogy  with 
its  relatives.  Less  fortunate  are  the  characters :  ''  AnthersB 
erectffi,  didymse  .  .  .  loculis  oblique  dehiscentibus,"  derived  by 
Maximowicz  from  the  Japanese  figures,  and  the  "  anthersB  breves 
.  .  .  loculis  divergentibus"  of  the  Genera  Plantarum ;  the 
anthers  being  longer  than  in  any  other  ^enus  of  the  order,  and 
the  cells  in  a  just  sense  longitudinally  dehiscent.  But  the  anther 
is, — as  in  all  its  relatives  except  the  anomalous  Galax, — inflexed  or 
incumbent  on  the  apex  of  the  filament,  in  this  genus  about  hori- 
zontal, as  are  consequently  the  marginal  sutures  which  run  the 
whole  length  of  the  elongated-obloug  cells.  The  pollen  is  simple 
and  obscurely  trigonous  as  seen  on  the  field  of  the  microscope. 
The  style  and  stigma  are  as  in  Schizocodotiy  but  the  latter  more 
capitate.  a.  g. 

2.  On  the  Amount  of  Sugar  contained  in  the  Nectar  of  various 
Flowers ;  by  A.  S.  Wilson.  A  paper  read  before  the  Dublin 
meeting  of  the  British  Association,  August,  1878. — The  interest 
of  this  paper  lies  in  the  determination  of  the  very  small  amount 
of  saccharine  matter  secreted  by  the  nectaries  of  certain  flowers' 
commonly  visited  by  honey  bees,  and  therefore  the  extraordinary 
industry  of  insects  m  their  work  of  collection ;  or  in  other  words 
the  vast  number  of  blossoms  they  must  visit  (and  aid  to  fertilize) 
in  order  to  lay  up  the  quantity  of  honey  they  do.  Mr.  Wilson 
estimates  from  his  data  that,  to  obtain  one  kilo  of  sugar  from  red 
clover,  7,600,000  flowers  must  be  sucked.  There  are  about  sixty 
flowers  in  a  head ;  and  2,500,000  visits  must  be  made  to  collect  a 
pound  of  honey.     (Abstr.  from  Jour.  Botany,  London,  Oct.,  1878.) 

A.  G. 

3.  Absorption  compared  with  transpiration, — ^In  closing  a  recent 
article  in  Ann.  d.  Set  Nat.,  sen  6,  vi,  Vesque  presents  the  follow- 
ing abstract  of  his  views. 

(1.)  Of  all  the  theories  advanced  to  explain  the  movement  of 
water  in  plants,  that  of  Boehm  is  most  nearly  in  harmony  with 
observed  facts.  [According  to  Boehm,  "the  water-movement 
caused  by  transpiration  is  a  ninction  of  the  elasticity  of  cell-walls, 
and  of  atmospheric  pressure.] 

(2.)  Although  transpiration  is  the  most  potent  cause  of  absorp- 
tion, these  two  functions  are  not  necessarily  proportional. 

(3.)  Absorption  is  equal  to  transpiration  when  the  plant  grows 
under  nearly  constant  and  mean  conditions,  for  instance  in  diffused 
light,  and  in  air  moderately  moist. 

(4.)  When  a  plant  taken  from  mean  conditions  is  exposed  to 
dry  air,  transpiration  is  more  rapid  than  absorption.  It  can  reach 
a  point  at  which  the  plant  becomes  irreparably  injured. 

(6.)  When  a  plant  taken  from  mean  conditions  is  exposed  to  a 
saturated  atmosphere,  absorption  is  more  rapid  than  transpiration, 
but  in  proportion  as  the  want  of  water  in  the  plant  is  supplied, 
the  transpiration  diminishes,  and  at  last  the  plant  is  filled  to 
repletion. 

(6.)  When  a  plant  lacks  water,  the  suction  caused  by  transpira- 
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tion  U  not  lost;  it  nccumulatfii  to  act  vX  onvv  on  the  roots  «-hai'| 
wutur  can  be  Iintl.    'I'lieii  then-  is  observed  nii  ahsoriitioD  more 
energetic  ttiuii  tli<!  trHTiMpirsitioii ;  the  absorption  dimtnish^s  as  the 
wnnt  of  wnliT  is  suppliecii  and  linall^  is  governed  wholly  by  the 
tmiispirxtion.  a.  l.  a. 

4.  Hn  the.  rnitae«  of  the  abnormal  t/iapet  of  plants  groum  in 
Ifie  dark, — When  deprived  of  light  for  a  few  davh,  growing  planU 
which  contain  ehlorophyll  become  etiolated,  ana  undergo  changes 
in  foiTii  which  are  often  very  noticeable.  The  iutemodeB  extend 
to  a  greater  length  than  when  they  grow  in  light,  while  the  leaves 
develop  only  slightly  and  are  often  mi»-shapei).  From  the  fact 
that  man^  pUnta  provided  beforehand  Avith  a  store  of  aouriah- 
nient,  as  in  the  case  of  corms  and  bnlbti,  produce  in  darkness, 
flowers  of  normal  color  and  tihape,  but  at  the  same  time  distorted 
and  blanched  leaves,  the  cause  of  the  abDormat  growth  has  been 
attributed  by  some  to  the  diaturljance  iu  as»milation.  Eraus  has 
attributed  the  abnormal  extension  of  internodea  growu  in  the 
dark,  la  an  excessive  development  of  the  pith  and  &n  imperfect 
development  of  fibrovnscular  tissue.  He  has  nibo  observed  that 
the  epidermal  ccUs  under  such  conditions  have  thinner  walls  than 
usual.  Kanwenhofl',  in  Ann.  ScL  Nat,,  ser.  8,  6,  v.  and  vi.  ha« 
reviewed  the  studies  of  Krans  and  others,  aud  comes  to  the 
lowing  conclusiouB :  The  longer  internoiles  have,  in  most  iustanocs 
a  longer  pith  thau  the  others,  but  that  th«  growth  of  this  cannot 
be  the  sole  cause  of  the  abaormal  axtenuoD  appears  from  tbe  ca^ 
of  Tmpatieng,  etc,  where  the  pith  is  wanting.     In  darkness,  Ad 
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SchizoeporecB^  tbe  DicUomes  preceding  the  latter  order,  contrary 
to  the  usual  mode  of  arrangement,  in  classifying  the  Diatomea 
the  author  has  followed  Gruuow  and  in  the  Nostocs  he  has  adopted 
Thuret's  classification.  It  is  refreshing  to  see  how  the  species  of 
Kuetring  and  others  are  united  into  more  rational  and  comprehen- 
sible species.  The  second  part  of  voL  ii,  including  the  tfichens 
by  Stein  and  the  third  volume  including  the  Pungi  by  Dr. 
SchroBter,  are  announced  for  18Y9.  w.  g.  p. 

6.  New  York  State  Museum  of  Natural  ffistory^  for  the  year 
1876:  Report  of  the  Botanist,  Chaklj&s  H.  Peck;  made  to  the 
Regents  of  the  University,  Jan.,  1877.  Published  in  Sept.,  1878, 
in  advance  of  the  Report,  pp.  78,  and  two  plates  of  new  JPungi, — 
This  SOth  annual  report  follows  the  28th,  the  29th  being  still  in 
abeyance  on  account  of  some  delay  in  the  preparation  of  the 
plates.  It  appears  that  168  species  have  during  the  year  been 
added  to  the  State  Herbarium,  of  which  129  are  Fungi,  and  69  of 
these  either  new  or  previously  undescribed.  At  the  close  of  the 
report  Mr.  Peck  adduces  reasons  for  the  opinion  that  Lenzites 
Cookei  Berkl,  L,  CrcUasgi,  L,  proxima^  possibly  L,  Klotzschiiy 
Dcedalea  confragosa^  and  Trametes  rubescenSy  are  all  forms  of  one 
Bpecies.  A  sad  account  is  given  of  the  ravages  of  a  beetle, 
Mylurgus  rufipennis^  among  the  Spruces  in  the  Adirondack  region. 

w.  G.  F. 

7.  Professor  Eaton'*s  Ferns  of  North  America,  parts  8  and  9. — 
Aspidium  Lonchitis  and  Woodwardia  angvstijfvlia  make  up  an 
effective  plate.  Equally  handsome  and  well  executed  is  the  next 
plate  containing  Aspidium  fragratts  and  Phegopteris  alpestris. 
The  latter  is  one  of  the  few  subalpine  species  which  are  wanting 
in  eastern  North  America  and  in  the  Rocky  Mountains,  but  ex- 
tend on  the  western  side  far  down  the  Sierra  Nevada,  California. 
Among  others.  Sir  J.  D.  Hooker  collected  it  on  Mt.  Shasta.  One 
would  hope  that  its  "  fugitive  indusium  "  might  be  fixed  and  the 
plant  associated  with  Athyrium  Ulixfcemina,  which  it  resembles 
m  habit.  The  next  plate  is  devoted  to  delicate  or  pygmy  subjects, 
Trichomanes  radicans  of  Alabama,  etc.  (said  to  accord  well  with 
the  original  West  Indian  species  even  though  the  larger  Irish  T, 
speciosum  may  be  different),  and  the  lilliputian  7!  Petersii.  The 
latter  would  have  made  a  good  show  if  a  fair  tuft  had  been  de- 
picted, in  addition  to  the  three  or  four  frond  lets.  Schizcp-a  pusilla 
(misspelled  on  the  plate)  is  added,  in  a  good  figure,  with  faint  and 
obscure  analyses.  An  entire  plate  is  well  given  to  the  Californian 
Aspidium,  mnnitum,  of  which  the  first  figure  represents  a  small 
form,  and  the  second  and  third,  varieties  so  peculiar  that  they 
would  pass  for  distinct  species.  Three  marked  species  of  Poly- 
podium  fill  the  next  plate,  on  which  the  noble  P,  Scouleri  takes 
by  an  oversight  the  name  of  P,  vulgare.  It  must  be  that  the 
plate-proofs  are  not  revised  by  the  editor  before  lettering ;  as  he 
would  not  let  such  slips  pass.  The  last  plate  creditably  represents 
two  species  of  Pellcea,  P.  andromedcefolia  of  the  western,  and  P, 
flexuosa  of  the  southeastern  portions  of  the  United  States,  both 

extending  into  South  America.  l^  q. 
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H.  Siirracenin  purpurea,  wilh  five  naked  rays  id  plnce  of  tbsH 
umbivlhk  to  tlie  xtyle,  ati  intcrenlitig  inontitrosity,  was  thi§  year'l 
dcU'cIud,  near  GrniUville,  I^laxe.,  by  Mr,  Isaac  Snrague,  The  sljg- 
mas  at  tbp  eud  of  the  rays  are  normul ;  but  the  braocbee  radiating 
from  the  apex  of  tba  short  style  are  distinct  to  the  base,  the  ncrve- 
form  axis  having  merely  a  very  narrow  membraQous  border,   a.  o. 

B.  Profeeaor  AUa-ander  AgagsU'e  Zoologival  Laboratory   at 
Newport,  Rhode  Itlattd, — I'rofesBor  AgSEsiz  gives  th«  Ibllowing 
account  of  his  excellent  Uboratory  in  the  Anunal  Report  of  the 
Curator  of  the  Museum  of  Comparative  Zoology  for  1S77-78, — ■ 
Although  Bummer  instruction  in  Zoology  has  been  abaadoned  atJ 
the  museum,  I  have  been  able  in  my  new  laboratory  at  Newponts 
to  give  facilities  for  work  to  half  a  dozen  teachers  (three  ladiee  aajtfl 
three  ^critleiuen) ;  and  it  ia  my  intention  hereafter  to  divide  tlwH 
facilities  at  my  command  between  students  of  the  museum  aodll 
teachers  of  our  ooinnioii  schools,  who  must,  however,  be  autficientJ^'l 
advanced  to  study  for  themselves  with  profit. 

The  new  Laboratory  erected  by  me  at  Newport  is  twenty-five 
feet  by  forty-five.     The  six  windows  ibr  work   are  on   iht*  north 
side,  and  extend  from  the  c«iling  to  within  eighteen  incheti  uf  the 
floor.     In  the  spaces  between  the  windows  and  the  comers  of  thft  _ 
building  are  eight  work-tables,  three  feet  by  five,  covered  i 
white  tile«,  one  foot  of  the  outer  edge  being  covered,  ho' — 
with  black  tiles  for  greater  fiwility  in  detecting  minute  ai 
on  a  black  background.     Between  the  windows,  movable  bracks 
with  glaps  shelves  are  jilnoed ;  while  similar  brackets  extend  aero 

111,-    wiiiii.nv^   imd    1m'1mi'.-u    the   tiil.l.s,  lliu:;    ],rnvidiiiu'    :i    ^^K■lf  at 

:iiiv  (lesirt.I  licifrht.     The  tiihl.'S  for  mirroscopf  work  iiro  tljree- 

K-l'l'I'I  ^.Llll.^.>l    \:xTs\w  li.-i;r|il.  :i,l:i|,t('<l  to  tliL^  ^iiffiT.'tll  kiiuif^  of 
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tl...  siiHioii  |>i|M.  stuii.llii-  up  v,.rtif:.nv  from  the  -louii.l  :.  I„i-I 
live  fcH,  niid  trrmin.'iliTi-  ill  :iii  olh.Mv  to  prevvMI  its  l.v.-oniii, 
,"keit.  The  v\;it.T  is  lea  tliroui;!!  iron  pipe^  couted  iii>i.lo  »  ii 
,:iriiel.  Krorii  the  l:iLik,  tile  salt  w;iter  is  .listriUiife.l  in  pij^-  e^ 
iidiii^'  in  -A  cloiihle  ro«-  over  the  eentral  tnl.K-s,  over  tlie  Ion 
,^l■o^v  tallies  lor  a.|n:irin,  .and  ;ilonjj;  the  whole  leiigtii  of  the  oh,. 
elves  on  Un;  &ouUi  wtvU,     Large  taucela  to  draw  off  salt  wati 


Miscellaneous  Intelligence.  489 

3  placed  at  each  sink ;  and  by  a  proper  arrangemeDt  of  valves 
is  possible  to  lead  fresh  water  to  a  part  of  the  pipes,  in  case  it 
needed.  The  pipes  leading  over  the  tables  and  shelves  are 
3vided  with  globe  valves  and  nozzles,  to  which  rubber  pipe  can 

attached  and  the  water  led  to  a  vessel  below :  there  are  fifty 
sh  taps,  each  of  which  can  supply  water  or  air  to  at  least  three 

four  jars.  The  overflow  runs  into  gutters  laid  alongside  the 
t>le8,  leading  into  the  main  drain  pipe.  To  aerate  the  salt  water, 
ise  an  injector  invented  by  Professor  Richards  of  the  Institute 
Technology.  This  can  be  used  to  supply  aerated  water  directly 
the  jar  by  providing  it  with  a  siphon  overflow,  or  the  aerated 
iter  can  be  collected  in  a  receiver,  from  which  air  alone  is  then 
I  to  the  jar.  This  latter  course  is  the  only  practical  one  for 
Ucate  specimens,  and  for  the  bulk  of  the  work  of  raising  embryos. 
le  east  and  west  sides  have  large  windows  and  doors  provided 
th  blinds ;  they  always  remain  open,  with  the  blinds  closed  to 
ep  out  sun-light,  and  serve  to  ventilate  the  Laboratory  thoroughly, 
.rge  tables  for  dissection,  covered  with  slate  and  adjoining  a 
ik  provided  with  fresh  and  salt  water,  are  placed  across  the 
ndows  of  these  sides. 

Ever  since  the  closing  of  the  school  at  Penikese,  it  has  been  my 
pe  to  replace,  at  least  in  a  somewhat  different  direction,  the 
»rk  which  might  have  been  carried  on  there.  It  was  impossible 
'  me  to  establish  a  school  on  so  large  a  scale ;  but  I  hope,  by 
nng  facilities  each  year  to  a  few  advanced  students  from  the 
iseum  and  teachers  in  our  public  schools,  to  prepare,  little  by 
tie,  a  small  number  of  teachers,  who  will  have  had  opportunities 
-  pursuing  their  studies  hitherto  unattainable.     The  material 

be  obtained  at  Newport  is  abundant.  The  dredging  is  fair, 
d  not  difficult,  as  the  depth  in  the  immediate  neighborhood  does 
t  exceed  twenty  to  thirty  fathoms.  The  pelagic  fauna,  however, 
the  most  abundant.  During  the  course  of  each  summer,  by  the 
3  of  the  dip-net,  representatives  of  all  the  more  interesting  marine 
ms  are  sure  to  be  found.  With  my  small  steam  launch,  a  large 
ice  can  always  be  traversed  any  evening,  and  advantage  taken 

the  condition  of  the  wind  and  tide,  the  launch  being  amply 
'ge  for  easy  dredging  in  th^  moderate  depths  of  the  entrance  of 
irragansett  Bay.  The  Laboratory  is  placed  on  a  point  at  the 
trance  of  Newport  Harbor,  past  which  sweeps  the  body  of  water 
aught  by  each  tide  into  Narragansett  Bay,  and  carrying  with  it 
erv  thing  which  the  prevailing  southwesterly  winds  drive  before 
Newport  Island  and  the  neighboring  shores  form  the  only 
iky  district  in  the  long  stretch  of  sandy  beaches  extending 
ithward  from  Cape  Cod, — an  oasis,  as  it  were,  for  the  abundant 
velopment  of  marine  life  along  its  shores. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Report  on  the  Arid  Region  of  the  United  States:  with  a 
yre  detailed  account  of  the  lands  of  Utah;  by  J.  W.  Powelu 
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leO  fiu.  410.  With  Maps.  Ex.  Doc.,  No.  73.  Mnde  i 
ilirvctiQii  of  thi?  Interior  Department.  WaBhington,  1878.— 
PuwkU  here  givea  an  excelleDt  general  accoant  of  the  features,  cli- 
mate and  drainaj^e  of  the  great  resioii,  describes  its  agricultural, 
pasturage  and  timber  lands,  and  diecusses  its  methods  of  water 
supply,  and  important  subjects  oorint'Cted  with  irrigation.  The 
report  also  presents  a  detailed  description  of  the  irrigable  lands 
of  the  various  basins,  and  their  present  condition,  and  treats  of 
the  government  land  eystfrn  needed  for  the  arid  region.  Mr. 
Powell's  many  expeditions  over  the  Kocky  Mountain  region,  ander 
Government  auspices,  have  made  him  familiar  with  the  country 
described,  and  have  well  fitted  him  for  the  preparation  of  suca 
a  work. 

2.  United  Stafw  Geoloyieal  Exploration  of  the  Fortieth  Pciralltl, 
Cl&runck  King,  geologist  in  charge.  Systematic  geology,  by 
Clarence  Kino.  Bii4  pp.  4to,  with  SB  plates  and  12  analytical 
geological  maps,  and  aecoinpanied  by  a  geological  map  and  topo- 
graphical atlas.  Kubiuitted  to  the  Chief  of  Engineers,  and  pub- 
lished by  order  of  the  Seeretary  of  War,  under  authority  of 
Congress. — We  have  barely  space  at  this  time  to  announce  the 
pnldication  of  this  large  and  very  valuable  volume  on  the  geology 
of  Western  America,  by  Mr.  Clarence  King,  which  closes  the 
author's  Rocky  Mountain  exploration  of  the  fortieth  Parallel. 

:t.  Annufil  Jle/iort  of  the  Board  of  Rtgenta  of  the  Smithaotuan    I 
.  JtMitution  for  the  ^ear  IS77.     fiO<l  pp.  8vo.     Washington,  ISH 
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Bosscha,  electric  telephonic  currents,  386. 
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Absorption  and  transpiration.  485. 

Aquilegia,  327. 

Ferns,  apogamy  in,  401. 

Flora  Brasiliensis.  74. 

Flowers,  amount  of  sugar  in,  485. 

Forest    geography    and    archaeology, 
Gray,  86,  183. 
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Growth  of  plants  in  the  dark,  486. 

Kerguelen  Island,  240. 
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Minnesota  valley,  origin  of,  417. 

Mississippi  valley,  origin  of,  417. 
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Primordial  fossils  from  New  Found- 
land,  Whikavea,  224. 
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Sigillaria  lepidodendrifolia,  151. 
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324. 

Terrace  levels  in  Pennsylvimia,  68, 142. 

Terraces  in  British  Columbia,  148. 

Tertiary  rocks  on  the  Grand  Bank  and 
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Peters,  C.  H.  F.,  discovery  of  new  planets, 

129.  379. 
positions  of  Swift's  comet,  215. 
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Robinson,  J.,  Ferns  in  their  Homes  and 

ours,  156. 
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